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This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This International Search Report consists of a total of 3 sheets. 

fX~| It is also accompanied by a copy of each prior art document cited in this report. 



1 , Basis of the report 

a. 



With regard to the language, the international search was carried out on the basis of the international application in the 
language in which it was filed, unless otherwise indicated under this item. 



□ 



the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 



With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 

was carried out on the basis of the sequence listing : 

I I contained in the international application in written form. 

filed together with the international application in computer readable form, 
furnished subsequently to this Authority in written form, 
furnished subsequently to this Authority in computer readble form. 



□ 
□ 
□ 
□ 

□ 



□ 
□ 



the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished, 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 

Certain claims were found unsearchable (See Box I). 
Unity of invention is lacking (see Box II). 



With regard to the title, 

pr| the text is approved as submitted by the applicant. 

I I the text has been established by this Authority to read as follows: 



5. With regard to the abstract, 

pr| the text is approved as submitted by the applicant. 

I I the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
' — ' within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. The figure of the drawings to be published with the abstract Is Figure No. 2 



I I as suggested by the applicant. Q]] None of the figures. 

I I because the applicant failed to suggest a figure. 

PC] because this figure better characterizes the invention. 
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Dato of mailing 
(eiayfmQnth/yQar) 



08.11.2000 



REPLY DUE 



within 2 month(3} 

from th« above date of rmuUng 



Intdmafionat 110i>g data (<Say/nmr^h/yoat) 
15/12/1999 



Prtority dale (ds^/mornh/fdar) 
15/12/1998 



Inteimatjonai Patent Classlfloatloo (IPC) or botfi nationaJ ctossification end JPC 
H01M12/06 



Appffoant 

ELECTRIC FUEL UMIT^ et al. 



Th^ wrfnen opinion Is i9>o first drawn up by this international Prallmtn«/y Examinin<| Authority. 
This opinion contains Indtcattons relating to the following items: 

] S Basis of the opinion 



cltaiione and explanations supporting 5ueh ataiement 



The applicant is hereby invited to reply to this opinion. 

When? See the time limtt Inc^icaidd at>cV9. The applioant may. before the expiration of that time limit, 
request this Authe^ to grant an extensloo. s«e Hul^ S6.2(d). 

How? By submitting a writD^n reply, acoonnpaftied. where appropriate, by anrkendments, aooordlng to Rule 66.3. 
For the forrn and the language of the amendments, see Rules 66.e and 66.9. 

Also: For anr addltior\al opportunby to submit amendrnents, see Rule 66.4. 

For the examirwa obUgation to confiidar amendments and/or argumerUs. see Rule 66.4 b'rs, 
For an informal communioetion with the eseaminer. see Rule 66.6. 

If 00 reply la tiled, the ir^netlonal pretimtnary examination report win be a&tabllshed on the basis of this opinion. 

The flrvai dau by which the inteirnaSonal preliminary 

examlnattcrt report must be estatifished according to Rule 69.? i«: 1 5/04/2001 . 
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WRITTEN OPINION international application No. PCT/IL99/00681 

1. Basis of the opinion * 

1 . This opinion has been drawn on the basis of {substitute sheets whhh have been furnished to the receiving Office 
in response to an invitBtion under Afticie 14 are ref erred to in this opinion as 'originaiiy hiedT.)-, 

Descrfption, pages: 

1-17 ^ originally filed 

Claims, No.: 

1^5 as originalty filed 

Drawings, sheets: 

1/4-4/4 as orlgbTally tUad 

2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings. sheets: 

3. This opinion has been established as it (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Ruie 70.2(c)): 

4. Additional obsen/ations, if necessaiy: 



V. Reasoned statenwnt under Rule 66.2(aXii) v/fth regard to novefty, inventh/e stop or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Claims 1 . 2. S. 10. 16, 18, 19. 24. 30. 31. 38. 40 no 

Inventive step (IS) Claims 3-8, 15, 17, 25-29, 39. 41-45 no 

Industrial applicabirrty (tA) Claims 

2. Citations and explanations 

see separate sh»et 



ForrTi PCT/lPeA/408 (Soxes l-VHl, Sheet l) (January 1994) 



WRITTEN OPINION 



intdmational application No. PCT/1L99/00681 



VIII. Certain observations on th© internationaJ application 

The folJowing obsen/alion^ on ttie clarity of the claims, ddscripljon, and drawings or on th« question whether the 
olairns are fully supported by tho description, are made: 

$ee separate sheet 
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V. 



Novelty. 



The present indapendent claims 1, 16 and 30 are indeterminate in scop© in 
relation to the expression -particles-Jarger than a predetermined size", to which no 
definite meaning can be attached unless the "predetermined size" is specified. 

The same point also applies to claims 10,19 and 31 in connection with the 
expression 'a subetantial amount of particles with sizes that are close to the 
predetermined size". 

Therefore, such expressions are not regarded as representing true Imiting 
features for the sublect-matter of these claims. 

The result of this situation is that these claims, in their present wording, are so 
broad in scope as^to embrace subject-matter known from documents cited in the 
International Search Repon. 

In this connection, attention is directed to the disclosure of EP-A-0 551 204 (Dl) 
(see e.g. col.4, L16-19) and the abstract of JP 60 230369 (D2), both relating to metal- 
air cells having. Implicitly or explicitly, substantially all the features of the present cell 
and in particular an anode (the 'mixture" of the present claims) comprising an 
electrolyte and metal (e.g. Zn) particles. 

Each of these disclosures is therefore detrimental to the novelty of the subject- 
matter of claims 1. 2. 10, 16, 18, 19, 30. 31 and 38. 

Moreover. 02 takes away the novelty also of the subject-matter of claims 9. 24 
and 40 since it teaches incorporating a gelling agent in the anode mix. 

The use of particulate metal anodes in metal-alkaline cells is also known from e.g. 
the abstracts of JP 60 1 63367 (D3) and JP 56 1 45669 (D4). 



Invfintive step. 

Of the remaining claims for which the requisite of novelty can be acknowledged. 
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those which also would seem to comply with the requirement of inventive step are only 

those claims which! specify the minimum "predetermined size" of the metal particles for 
i which a technical ^ffect has been shown, this in consideration of the data shown In. 
I Table 2 and of the passage bridging pp. 1 3 and 1 4. 

An inventive step can therefore be acknowledged to the subject-matter of claims 

11, 13, 20. 22, 32 ?ind 35 and of the claims depending therefrom, I.e. claims 12, 14. 21, 

23, 33, 34. 36 and 37. 



vm, 

1 , No technical significance can be attached to the graph of fig.2, since the PEG 
proportion for each cell A to D is not specified. 

Moreover, according to p. 14, l.3ff, fJg.2 is supposed to show the performance of 
five cells, but in actual fact fig.2 shows the performance of only four cells. 

2 At present p.1 , reference is made to unpublished documents. 

3. Claims 8 and 17 contain a reference to a trademark. 



Foim PCT/Sisparate Sheat/408 (Shoat i) (EPO-Apnl 1997) 



. Or. R »)nno«3 Co^n 
1399-1973 

i!an Cohn 
^ PhOBfni. 

Oavid Gilat 

aSc Crtem.. LLS. AcV. 

Jonatfian j. Topper 
M.A. Elec. Eng. 

£hud Hausman 

M.Sc. Comp. Set. 

Oavid de Vries 
a.Sc Mech. Eng. 

Ena Pugatsch 
M.Sc: Opt Mech. Eng. 

Tamar Gallily 
M.Sc. 3ioi. 

Jonathan Patinkin 
M. Sc. Biochem. 

Bossmat Gonen 
PhD Biol. 

Svetlana Shtadler 
M.Sc. Phys. 

Ben Spungin 

PhO Biol, and Maths. 

Shulamit Hirsch 
PhD Chem. 

Ronit Barzik-Soffer 
LLB.. Adv. 

Yigal Fraenkel 
PhO Chem. 

Tamar Morag seta 
Msc. Chem. 

Shelly Zohar 
LLS.. Adv. 

MIchaeJ Ebert 

a.Sc. Eiec. Eng.. LLB.. 

US Patent Attorney 

Deborah Vlncze 
LLB. Adv. (Mexico) 

Odetia Warshavsky Or-Paz 
LLM.. Adv. 

Oren Werner 
LLB. Adv. 

Shoshana Kesset 
Info. Scientist 

Gil Zeder 
CPO 

Kimberty Undy 
Executive Director 

Michael Cohn 

PhD Patent Attorney 

Consultant 

Israel Shachter 

a.S"/: PAtPnt Attorney. EPA 

Consultant 

Uri F. Gronemann 
PhD Elec. Eng. 
Scientific Adviser 

Reinhold Cohn House 
21 Ahad Ha'am St. 
Tel Aviv 65151 Israel 

Postal Address: 
P.O.B. 4060 Tel Aviv 
61040 Israel 

Tel:+ 972 3 7109333 
Fax> 972 3 5606405 
+ 972 3 5663782 
Jerusalem Office: 
Tel: + 972 2 6595570/1 



Website; 
wvATw.rcip. co.il 
e-Mail: 

info@rcip.coJI 



RGP 



EstabUshed 1934 

Reinhold Cohn & Partners 

Patent Attorneys 



January 7, 2001 



FACSIMILE TRANSMISSION 
OF 16 PAGE(S) 

TO: 0049 89 2399 4465 




European Patent Office 
D-80298 Munich 
Germany 

Attention: Del Piero, G. -Examiner 

Krage, D. - Formalities Officer 



Re: International Application No. PCT/IL99/00681 
in the name of Electric Fuel Ltd. 
Title: ^^Corrosion resistant high performance 
electrochemical cell" 
Your Ref: 248/079PCT 
Our Ref: 121822.1-YF 

We refer to the Written Opinion of November 8, 2000. In response 
thereto, please find attached (and enclosed in triplicate with the postal 
confirmation copy to follow) amended pages 18-22 and newly added page 23. In 
the amended pages and in the newly added page the following amendments were 
incorporated: 

1, Original claims 1, 8, 16, 17, and 30 were amended. 

2. Original claims 11, 13, 20, 22, 32 and 35 were deleted, and three new claims 
added. 

In view of the deletions of claims, remaining claims were renumbered 
their dependencies amended and thus newly added claims are numbered as 
40-42. 

In addition we enclose original pages 18-22 with the hand- written 
amendments incorporated therein. 

1. Claim amendments: 

Original claims 1,16 and 30, now claims 1, 14 and 26 were amended so as 
to define the invei ition and more clearly distinct these independent claims from the 
prior art. In particu lar, a phrase defining the particle size was incorporated therein. 

Original cK^ims 8 and 17, now claims 8 and 15: the word 'Teflon" was 
substituted by the tei m "polytetrafluoroethyiene-containing compounds". 



-2- 



Newly added independent claims 40-42 recite that the 
particle-size-selected metal has the feature of a random particle size distribution 
characteristic of a sieving operation applied to thermal zinc. Such a distribution 
would be apparent to one of skill in the art, since the normal, unsieved particle 
size distribution would be well known to such a person, and deviations therefrom 
likewise would be apparent. 

2. Response to the Objections of Lack of Novelty and Lack of 
Inventive Step 

Under section V of the Written Opinion, the Examiner questions the 
novelty of independent original claims 1, 16 and 30, based on the finding that 
these claims are indeterminate with respect to the expression "particles... larger 
than a predetermined size" which originally appeared in these claims. The 
examiner found that no definite meaning might be applied to these claims unless 
the predetermined size is specified. The Examiner fiirther found that original 
claims 10, 19, £md 3 1 are similarly indeterminate with regard to the expression "a 
substantial smiount of particles with sizes that are close to the predetermined 
size." With regard to these two issues and as indicated above, we have amended 
original claims 1, 16, and 30 to establish a definite "predetermined size" of not 
less than about 75 microns. 

In addition, also under section V of the Written Opinion, the Examiner 
questions the inventive step in original claims 1-10, 15-19, 24-31, and 38-45 on 
the grounds that these claims do not specify a minimum "predetermined size" of 
the metal particles for which a technical effect has been shown. With regard to 
these issues, the amendments to independent original claims 1, 16 and 30 include 
the element of a specified minimum "predetermined size" of the particles for 
which a technical effect has been shown and considered by the examiner to 
constitute an inventive step. Thxis, independent original claims 1, 16^ and 30 
should be considered in their present amended wording to constitute an inventive 
step. Furthermore, the claims dependent on these independent original claims, 
namely original claims 2-10, 12, 14-19, 21, 23-31, 33, 34, and 36-45. 

3. Response to the Comments Re Item VIII 

1: The Examiner stated that no technical significance can be attached to 
Figure 2, since the PEG concentration for each cell is not specified. Applicants 
note that none of the claims recite a limitation regarding the presence of PEG or 
its concentration, so the presence or absence of such data, do not impact the 
present claims. 

2: The Examiner stated that Figure 2 shows the performance of four cells, 
although the specification says the Figure is supposed to show the results of five 
cells. On the right side of Figure 2, references for cells A-E are shown. The 
results for cells D and E are very close; thus, although it appears from the 



drawing that only four curves are present, in fact there are five curves, two of 
which (D and E) are virtually identical. 



The Examiner is requested to reconsider the objections in light of the 
submissions made, and a favorable International Preliminary Examination Report 
(IPER) is requested. However, against the event that the Examiner still has some 
outstanding objections to the claims, the issuance of a second Written Opinion 
before the IPER issues is requested. 



Yours very truly, 

REINHOLD COHN AND PARTNERS 

By: 



Enc: air mail 
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What is claimed is: 
1. A metal-alkaline battery cell comprising: 

a cathode including a catalyst and a conductive material; 
a first terminal electrically connected to the cathode; 

a mixture including an electrolyte and particle-size-selected metal, said 
particle-size-selected metal having a normal distribution wherein an amount of said 
metal below about 75 microns is less than that predictable from the shape of the 
particle size distribution curve; 

a second terminal electronically connected to said mixture; and 
a separator located between the cathode and the mixture, in physical contact 
with the cathode and with the mixture, said separator being of such material as to 
permit ions to travel between the cathode and the mixture and to block metal particles 
from contacting the cathode. 

2. The battery cell of claim 1, wherein the wherein the particle-sizc-selccted metal 
includes pardcic-size-sclected zinc. 

3. The battery cell of claim 2, wherein the- particle-size-selected zinc accotmts for about 
60% of the mixture by weighL 

4. The battery cell of claim 2, wherein the mixture includes electrolytic zinc. 

5. The battery cell of claim 4, wherein a ratio of electrolytic zinc to particle-size-selected 
. zinc in the mixture is between about 1 :9 and about 1 : 1 . 

6. The battery cell of claim 4, wherein the electrolytic zinc and the particle-size-selected 
zinc, taken together, account for about 60% of the mixture by weight . 

7. The battery cell of claim 1, wherein the conductive material includes carbon. 

8. The battery cell of claim 1, wherein the separator includes a 
polytetrafluoroethylene-containing compound, 

9. Tne battery cell of claim 1, wherein the mixture includes a gelling agent. 
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10. Tne battery cell of claim 1, wherein the particie-size-selected metaJ contains a 
substantial amount of pardcles with sizes that are close to the predetermined size. 

H - Tine battery cell of claim :iO, wherein substantially all particles contained in the . 
panicle-size-selected metal are smaller than about 500 microns. 

• 12. The battery cell of claims 10, wherein substantially aU particles contained in the 
particle-size-selected metal are smaller than about 500 microns. 

: 13. The battery cell of claim 1, wherein.a corroision-inhibiting agent is alloyed in the 
10 particle-sire-selected m-ctaL 

14. ' A metal-air battery cell comprising: 
an air electrode; 

a first terminal electrically comiected to the air electrode; 
15 a mixture including an electrolyte and particle-size-selected metal, said 

particle size-selected metal having a normal distribution wherein an amount of said 
metal below about 75 microns is less than that predictable from the shape of the 
particle size distribution curve; 

a second terminal electronically connected to said mixture; and 
20 a separator located between the air electrode and the mixture, in physical 

contact with the air electrode and with the mixture, said separator being of such 
material as to permit ions to travel between the air electrode and the mixture and to 
block metal particles from contacting the air electrode. 

25. 15. The battery cell of claim 14, wherein the separator includes a 
polytetrafluoroethylene-containing compound. 

1 ^- The battery ceil of claim 1 4, wherein the particle-size-selected metal includes particle 
size- selected zinc. 

30 
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I ne banery ceil jiciaiin 16, wbereia uic pardcle-size-s^K" contains a 



25. 
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substaniiai amoiiiii of paTOcles sizes that axe close to the pr^oetermined size. 

1 8. The battery cell of claim^^^' wherein substantially all particles contained in the 
particle-size-selected zinc are smaller than about 500- microns. 

1 9. The. battery ceD of claim-. 1 8^ wherein substantially ail particles contained in the 
pardcle-size-selected zinc are srnaller than about 500 miCTons. 

■ 20. The battery cell of claim^ 17, wherein the mixture includes a gelling agent. 

21 . The tattery cell of claim 1 7, wherein a corrosion- inhibiting agent is aDoyed in the 
particle-size-selectcd zinc, • 

(22. ' The battery ceil of claim 17, wherein the paxticle-size-selccted zinc accounts for about 
60% of the mixture by wei^liL 

23 • The.battery cell of claim 17, wherein the mixture includes electrolytic zinc. 

24. The battery cell of claimi23, wberein a ratio of electrolytic zinc to particlc-size- 
sclected zinc in the mixture is between about 1:9 and about 1:1. 



i 25. The battery cell of claim: 23, wherein tiie electrolytic 74ne and the pardcle-size-selected 
zinc, taken together, account for about. 60% of the mixture by wei^L 
26. A method of forming a corrosion resistant metal-adr battery cell comprising 
the steps of: . 

forming a mixture by mixing ingredients including an electrolyte and 
particle-size-selected metal, said particle size-selected metal having a normal 
distribution wherein an amount of said metal below about 75 microns is less than that 
predictable from the shape of the particle size distribution curve; 

electrically connecting a first terminal to the mixture obtained in the forming 

step; 
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obtaining an air ^ctrode with a second terminal connecie^hereto; and 
positioning a seplRtor between the air electrode and th^HixTure, m physical • 
contact with the air electrode and with the mixture, wherein the separator permits ions 
to travel between the air electrode and the mixture and blocks metal particles from 
contacting the air electrode. 

27 ^ The method of claim 26 » wherein the pardcle-size-selected metal contains a substantial 
amount of particles with sizes that are close to the predetermined size. 
23 . " The method of claim 2^ ,whcrein the paiticle-size-selected metal includes pardcle- 
size-selected zinc. 

• The method of claim 2 7, wherein substantially aU particles contained in the particle- 
size-selccted metal are smaller than about 500 microns, 

30 - The method of claim 2 Ij wherein the particlc-size-selected metal includes particle- 
size-selected anc. 

3 1 • The method of claim! 27, wherein substantially all particles containcd.in "die particle- 
size-selected metal are smaller than aboTit 500 microns. 

32 - The method of claim 27, wherein the pardcle-size-sclected metal is obtained by 
removing substantially all metal particles that are smaller thari the predetermined size from a 
batch of metal pardcles, 

33 . The method of claim 32^ wherein a sieve is used to remove substantially all of the 
25 metal particles that are smaller than the predetermined size. 

34- . The method of claim 27, wherein the mixture formed in the forming step includes a 
gelling agent 

30 35. The method of claijn 27, wherein a corrosion-inhibiting agent is alloyed in the 
particle-size-selected metaL 

36. The method of claim 27, wherein the particle-size-selected metal includes particle- 
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size-seiected zinc, aii<y^ particle-size-selected zinc accounts " about 60% by weight of the 
mixmre x'ormed in the^ffming step. 

37. The method of claim 27, wherein the particle-size-selected metal includes particle- 
size-selected zinc, and fhe mixture formed in the forming step includes electrolytic zinc. 

38. The method of claim 37, wherein a ratio of electrolytic zinc to particle-size-selected 
zinc in the mixture formed in the formiag step is between, about 1 :9 and about 1:1. 

39. The method of claim 37, wherein the electrolytic zinc and the particle-size-selected 
zinc, taken together, accoxmt for about 60% by weight of the mixture formed in the forming 

40. A metal-alkaline battery cell comprising: 

a cathode including a catalyst and a conductive material; 
a fu-st terminal electrically connected to the cathode; 

an anode mixture including an electrolyte and thermal zinc, said thermal zinc 
having a normal particle size distribution characteristic of thermal generation of said 
thermal zinc except for a precipitous truncation of said normal particle distribution 
such as would result from a sieving operation applied to thermal zinc; 
a second terminal electronically connected to said mixture; and 
a separator located between the cathode and the mixture, in physical contact 
with the cathode and with the mixture, said separator being of such material as to 
permit ions to travel between the cathode and the mixture and to block metal particles 
from contacting the cathode. 

41. A metal-air battery cell comprising: 
an air electrode; 

a first terminal electrically connected to the air electrode; 

an anode mixture including an electrolyte and thermal zinc, said thermal zinc 
having a c characteristic of thermal generation of said thermal zinc except for a 
precipitous truncation of said particle-size-selected material, said 
particle-size-selected material having, a random particle size distribution characteristic 
of a sieving operation applied to thermal zinc, such as would result from a sieving 
operation applied to said thermal zinc; 
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a second tem^^ electronically connected to said mixt^K; and 
a separator l^ted between the air electrode and t^Tmixture, in physical 
contact with the air electrode and with the mixture, said separator being of such 
material as to permit ions to travel between the air electrode and the mixture and to 
block metal particles from contacting the air electrode. 



42. A method of forming a corrosion resistant metal-air battery cell comprising 
the steps of: 

forming an anode mixture by mixing ingredients including an electrolyte and 
thermal zinc, said thermal zinc having a normal particle size distribution characteristic 
of thermal generation of said thermal zinc except for a precipitous truncation of said 
normal particle size distribution, such as would resxilt from a sieving operation 
applied to thermsd zinc; 

electrically connecting a first terminal to the anode mixture obtained in the 
forming step; 

obtaining an air electrode with a second terminal connected thereto; and 
positioning a separator between the air electrode and the anode mixture, in physical 
contact with the air electrode and with the anode mixture, wherein the separator permits 
ions to travel between the air electrode and the anode mixture and blocks metal particles 
from contacting the air electrode. 
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ORIGINAL CLAIM PAGES 18-22 WITH 
HANDWRITTEN AMENDMENTS 



Wliaiis c;ainiea is: u i , i , o , 

^ t' ^Tr; buf; »n cur Vc > 
1 . A metal-aDcaline battery cell compiising: 

a cathode including a catalyst and a conductive material; 

5 a first terminal electrically connected to the cathode; 

a mixture including an electrolyte and particle-size-selected metal; 

p 

a second terminal electrically connected to the mixture; and 

a separator located between the cathode and the mixture, in physical contact with the 
cathode and with, the mixttire, said separator being of such material as to pemiit ions to travel 
1 0 between the cathode and the mixture and to block metal pardcles from contacting the cathode^ . 
" ^Uei e ixi subbLmiiiilly al l pamcies containe d In die pai tick - siic golcctcd mptal axe 
Ini ' g n r t hj n n p rrr l i ti ii ni iirri j ri T r, j 

.2. The battery cell of claim 1, wherein the wherein the particle-size-selected metal 
1 5 includes particle-size-selected zinc, 

3, The battery* cell of claim 2, wherein the-pardcle-size-selected zinc accounts for about 
60% of the mixture by weight 

20 4. The battery cell of claim 2, wherein the mixture includes electrolytic zinc. 

5. The battery cell of claim 4, wherein a ratio of electrolytic zinc to particle-size-selected 
zinc in the mixture is between about 1 :9 and about 1 :1. 

25 6. The battery cell of claim 4, wherein ttxe electrolytic zinc and the particle-size-selected 
zinc, taken together, account for about 60% of the mixture by weight 

7, The battery cell of claim 1, wherein the conductive material includes carbon. 

30 8, The battery cell of claim 1 ; wherein the wherein the separator includes Teflea 

9. Tne battery cell of claim 1 , wherein the mixture includes a gelling agent 
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10. The battery csl^^claiin 1, wherein the particle-si^s-sel^ed metal contains a 
substantial amount of pRcles with sizes that are close to the p^Rtemiined size. 

5 

The battery cell of claim wherein substantially all particles contained in the 
particle-size-selected metal are smaller than about 500 microns. 

I I A llif y L j ' ll- iif i'lrnin w herein th g prMrtr rminf t r i mrn fr - mioroDfl, — -/ 

10 

I 1 t^. The battery cell of claim wherein substantially all particles contained in the 
pardcle-size-selected metal arc smaller than about 500 microns. 

' i tS. The battery cell of claim 1, wherein . a coiroision-inliibiting agent is alloyai in the 
15 particle-size-selected metaL 

' ^ 1^; A metal-air battery cell comprising: 
an air electrode; 

a jSrst terminal electrically connected to the air electrode; 

20 a mbcture inchidiag an electrolyte and particle-size-selected metal; 

<A> -> 

a. second terminal electrically coimected to the mixtm^; and 

a separator located between the air electrode and the mixture, in physical contact, with 
the air electrode and with the zoixture, said separator being of such material as to permit ions 
to travel between the air electrode and the mixture and to block metal particles firom 
25, contacting the air electrode^ . 

/ wherein JuLsLiulially all par Ileitis contaiiigd In Hie parti c le " Sizc cnl nntr d mrt aharg" 

ly 

'5 ^7. The battery cell of claim ^ wherein UiL whu - clij the separator includes tefloaj 

I C ^8, The battery cell of claim iN^, wherein the particle-size-selected metal inclndes particle- 
size-selected zinc. 
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' -M^. The bartery cel^^claim 1^ wherein the particle-size-s^cted zinc contains a 



i^^ciaim wnerem the particle-size-s^ci 
pRcles with sizes that axe close to the pros 



substantial amount of pBBcles with sizes that axe close to the pUSeiennined size. 

/"2U: iiie UAlieiy cell Oi' clanir4'9rwb^:einUhe,Tai: edetenn^ size i-. nhmit 75 minTrTrr j 

\ <i The battery cell of claim "iQ, wherein substantially all particles contained in the 

particle-size-selected zinc are smaller than about 500 microns. 

( "221 The'baECTy'ceirorcI^^ / 

^ 9 The battery cell of claim^22, wherein substantially all particl^ contained in the 

particle-size-selected zinc are smaller tham about 500 microns, 

o3 * 

"^"24, The battery cell of claim 1^ wherein the mixture includes a gelling agent 

Ij The battery cell of claim 1% wherein a corrosion-inhibiting agent is alloyed in the 

particle-size-selected zinc- 

The battery cell of claim 19. wherein the particle-size-selccted zinc accounts for about 
20 60% of the mixture by weig^iL 



The. battery cell of claim t% wherein the mixture includes electrolytic zinc. 



^ 28, The battery cell of claim ^7, wherein a ratio of electrolytic zinc to particle-size- 
25- selected zinc in the mixture is between about 1:9 ariH about 1:1. 

^ ^ 3^. The battery cell of claim wherein the electrolytic zinc and the paiticle-size-selected 
zinc, taken together, account for about 60% of the mixture by weight 

■ L£ 

30 50- A method of forming a corrosion resistant metal-air battery cell comprising the steps 
of: 

forming a mixture by rndxing ingredients including an electrolyte and particle-size- 
selected metal; 
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electrically conn^Kmg a 5ist terminal to the rmxture obyi^d in the fonniiig step; 
obtaining an air eiectrode with a second terminal connec^^thereto; and 
positioning a separator between the air electrode and the mixture, in physical contact 

with the air electrode and with the mixture, wherein the separator permits ions to travel 
5 between the air electrode and the mixtm-e and blocks metaJ particles from contacting the air 

electrode^ 

fo ^hcrein snbct T mtially oil particks contained in the paitiulL * &ize"SclLLtLd n' n r irr Inrg r r 

10 3%. The method of claim 30 j wherein the particle-size-selected metal contains a substantial 
amonnt of particles with sizes that arc close to the predetermined size. 

15 J The method of claim ^2, wherein the particle-size-selected metal includes particle- 

size-selected zinc, 

J, 3^. The method of claim 32, wherein substantially all particles contained in the particle- 
size-selected metal are smaller than about 500 microns. 

20 

I'^S ^ The method of claim 31.:g he x u ia thfe UAiK k t aiimitf ii hslz e is about lUU imcml&.^) 

^ The metiiod of claim wherein the particle-size-seiected metal includes particle- 

size-selected zinc. 
25 4^ 

3/ 33. The method of claim whcreiii substantially all particles contained, in the particle- 
size*selected metal are smaller than about 500 microns. 

^ ^ "33- The method of claim "34 , wherein the particle-size-selected metal is obtained by 
30 removing substantially all metal particles thgrt are smaller than the predetermined size from a 
batch of metal particles. 

^3 39. The method of claim 18, wherein a sieve is used to remove substantially all ot tne 
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metaJ panicles that are smaller than the predetennined size. 



The method of claim wherein the mixture formed in the forming step includes a 
gelling agent 

5 its- 

^ *^ The method of claim ^1 , wherein a corrosion-inhibiting agent is alloyed in the 

particle-size-selected metal. 

■ 

^ G The method of claim l^^l, wherein the particle-size-selected metal includes particle- 

1 0 size-selected zinc, and the particle-size-selected zinc accounts for about 60% by weight of the 
mixture formed in the forming step. 

^ V 4^. The method of claim wherein the particle-size-selected metal includes particle- 
size-selected ^nc, and the mixture formed in the forming step includes electrolytic zinc. 

The method of claim ^ wherein a ratio of electrolytic zinc to particle-size-selected 
zinc in the mixture formed in the forming step is between about 1 :9 and about 1:1. 

^ ^ The method of claim"45, wherein tiie electrolytic zinc and the particle-size-selected 

20 zinc, taken together, account for about 60% by weight of the mixture formed in the forming 
step. 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



Intemationaf application No. PCT/IL99/00681 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

1-17 as originally filed 



Claims, No.: 

1 -42 with telefax of 07/0 1 /200 1 



Drawings, sheets: 

1/4-4/4 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: . which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of International preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, the 
international preliminary examination was carried out on the basis of.the sequence listing: 

□ contained in the intemational application in written form. 

□ filed together with the international application In computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the intemational application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 



INTERNATIONAL PRELIMINARY 
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International application No. PCT/IL99/00681 



□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



111. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 . The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- " 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 
H claims Nos. 1 , 14, 26. 40, 41 , 42. 

because: 

□ the said international application, or the said claims Nos, relate to the following subject matter which does 
not require an international preliminary examination (specify): 



n the description, claims or drawings (indicate particular elements beloW) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 



H the claims, or said claims Nos. 1,14, 26, 40, 41 42 (see Sep. Sheet), are so inadequately supported by the 
description that no meaningful opinion could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 



□ 

□ 



the written form has not been furnished or does not comply with the standard. 

the computer readable form has not been furnished or does not comply with the standard. 
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Ml. 

The current set of claims does not comply with the provisions of Art.34(2)(b) in 
that the present amendments go beyond the disclosure of the intemational application 
as filed. 

In particular, independent claims 1,14 and 26 rely on the expression "... said 
particle-size-selected metal having a normal distribution wherein an amount of said 
metal below about 75 microns is less than that predictable from the shape of the 
particle size distribution curve ..." for which there is no basis in the application as 
originally filed. 

The same point applies to independent claims 40, 41 and 42 with respect to the 
expression "... said thermal zinc having a normal particle size distribution characteristic 
of thermal generation of said thermal zinc except for a precipitous truncation of said 
normal particle distribution such as would result from a sieving operation applied to 
thermal zinc ...". 

In this connection, the only mention in the original specification of a sieving 
operation is in the context of a particular thermal zinc (Mitsui) with a specific particle 
size limit (75 micrometres), see p. 12, 1.21 to p. 13, 1.2. 

Therefore, this passage does not provide sufficient support for the generalisation 
implied by the amended wording of claims 40, 41 and 42. 

The consequence of this is that no assessment can be made as to whether the 
subject-matter of the current claims, including the subordinate claims, complies with the 
requirements of novelty and inventive step having regard to the available state of the 
art. 



However, for the Applicant's benefit, the following points are noted with respect to 
the claims as originally filed, i.e. as if the amendments referred to in section III. had not 
been effected. 
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Novelty. 

The independent claims 1,16 and 30 are indetenninate in scope in relation to the 
expression "particles. ..larger than a predetermined size", to which no definite meaning 
can be attached unless the "predetermined size" is specified. 

The same point also applies to claims 10,19 and 31 in connection with the 
expression "a substantial amount of particles with sizes that are close to the 
predetemnined size". 

Therefore, such expressions are not regarded as representing true Imiting 
features for the subject-matter of these claims. 

The result of this situation is that these claims, in their present wording, are so 
broad in scope as to embrace subject-matter known from documents cited in the 
International Search Report. 

In this connection, attention is directed to the disclosure of EP-A-0 551 204 (D1) 
(see e.g. col.4, 1.16-19) and the abstract of JP 60 230359 (D2), both relating to metal- 
air cells having, Implicitly or explicitly, substantially all the features of the present cell 
and in particular an anode (the "mixture" of the present claims) comprising an 
electrolyte and metal (e.g. Zn) particles. 

Each of these disclosures is therefore detrimental to the novelty of the subject- 
matter of claims 1,2, 10, 16, 18, 19, 30, 31 and 38. 

Moreover, D2 takes away the novelty also of the subject-matter of claims 9, 24 
and 40 since it teaches incorporating a gelling agent in the anode mix. 

The use of particulate metal anodes in metal-alkaline cells is also known from e.g. 
the abstracts of JP 60 163367 (D3) and JP 56 145669 (D4). 



Inventive step. 

Of the remaining claims for which the requisite of novelty can be acknowledged, 
those which also would seem to comply with the requirement of inventive step are only 
those claims which specify the minimum "predetermined size" of the metal particles for 
which a technical effect has been shown, this in consideration of the data shown in 



INTERNATIONAL PRELIMINARY International application No. 

EXAMINATION REPORT - SEPARATE SHEET 



PCT/IL99/00681 



Table 2 and of the passage bridging pp.13 and 14. 

An inventive step can therefore be acknowledged to the subject-matter of claims 
11, 13, 20, 22, 32 and 35 and of the claims depending therefrom, i.e. claims 12, 14, 21, 
23, 33, 34, 36 and 37. 
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What is claimed is: 
1 . A metal-alkaline battery ceil comprising: 

a cathode including a catalyst and a conductive material;- 
a first terminal electrically connected to the cathode; 
- 5 a. mbcture including an electrolyte and particle-size-selected metal, said 

, particle-size-selected metal having a nomial distribution wherein an amount of said 

metal below about 75 microns is less than that predictable from the shape of the 
particle size distribution curve; 

a second tenninal electronically connected to said mixture; and 
2Q a separator located between the cathode and the mixture, in physical contact 

with the . cathode and with the mixture, said separator being of such material as to 
permit ions to travel between the cathode and the mixture and to block metal particles 
i from contacting the ca:diode, 

2^ The battery cell of claim 1, herein the wherein the particle-size-sedected metal . 
15 includes particle-size-selected zinc, 

3. The battery cell of claim 2, wherein tiie-particle-size-selected zinc accounts for about- 
■ 60% of flie nrixtnre by wei^bL' 

20 4: The battery cell of claim 2, wfa cieiu the mixture i n ch ides electrplytic zinc. 

5. * The battery cell of claim 4, wherein a ratio of electrolytic zinc to particle-size-selected 
zinc in the mixtnre is l>ctweea about 1:9 and about 1:1. - 

25- 6. The battery cell of claim 4, wherein the electrolytic zinc and the particlc-size-^sclected 
. . atnc, taken togcflicr, account for about 60% oif *ftie mixture by wcigbL . ' 

7, ' The battery cell of claim 1, wherein the conductive material includes carbon. 

8. The battery cell of claim 1, wherein the separator includes a 
polytetrafluoroethylene-containing compound. 



*9. The battery cell of claim 1 , wherein the ndxrurs includes a gelling agent 
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10. Tne battery cell of claim 1, whcreua the pardcle-size-selected metal contains a 
substantial amount of particles with, sizes that are close to the predetermined size. 

11-* The battery cell of claim :10, wfaereiri s\±istantially aJl particles contained in the 

pardclc-size-selectcd metal are smallcT than about 500 microns. • * 

"5 * . . ■ * • 

; 12. The battery cell of cbimi 10, wherein substantially all particles 'contained in the 
pardcle-size-selected metal are smaller than abont SQQ mirr^Tn 

. .[13. The battery cell of claim 1 , whcrcin.a corrosion-inhibiting agent is aDoyod in th^ 
10 particle-size-seiccted metaL 

14. ' A metal-air battery cell comprising: 
an air electrode; 

a first terminal electrically connected to the air electrode; 
15 a mixture including an electrolyte* and" particle-size-selected metal, said 

particle size-selected metal having a normal distribution wherein an amoimt of said 
metal below about 75 microns is less than that predictable from the shap)e of the 
particle size distribution curve; 

a second terminal electronically connected to said mixture; and 
20 a separator located between the air electrode and the inijcture, in physical 

. contact* with the air electrode and with the mixture, said separator being of such 
material as to permit .ions to travel between the air electrode and the mixture and to 
block metal particles from contacting the air electrode. 

25. 15. The battery cell of claim 14, wherein the separator includes a 
polytetrafluoroethylene-containing compound. 

1 6. The battery ceil of claim ' 1 4| wherein the particle-size-selected metal includes p article 
• size-selected anc. 

30. . • 
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17. The battery ccD of claim 16, wherein the particle-size-seleaed ziac contains a 
substantial amount of particles with sizes that are close to the predetcnnined size. 

1 8. The battery ceD of claim! ^ 7» wherein substantially all particles contained in the 
particle-size-selected zinc are smaller than about 500- microns.' 

• 1 9. The battery- cell of claimi 1 8> wherein substantiially all particles contained m the 
pardcle-size-selected znc are smaller than abotit 500 microns. 

' . . . 

: 20. The battery cell of claimj 1 7,- wherein the m ix t ur e includes a gcUing agent. 

21. * ThebatCery cell of claim 17, wherein a cotrosion-inhibiting agent is alloyed iii the 
pardcle-size-selected 2mc. * 

i ■ : - • * . 

.|22. The battery cell of claim 1 7, ' wh erein the particle-size-selected zinc accounts for about 
60% of the mixlm e by wei^al, 

.23 • . • Thc.battciy cell of claim 17, wherein the mixture inr.lnries dectrolytic zinc. 

^24. Thebatteiy ceU of cl mn\23 , . wherein aratio of electrolytic zinc to particle-size- 
selected zmc in the mix t m e is bertweaea about 1:9 and aboxit 1:1> 

•[ 25. The battery cell of cl grim; 23, wherein fee electrolytic y^Tie and the particle-size-selected 
Tfng3 taken together, account far about. 60% of Hit mixture by wei^iL 
26. A method of forming a corrosion resistant 'metal-air battery cell comprising, 
the* steps of: 

forming a mixture by mixing ingredients including an electrolyte and 
paiticle-size-selected metal, said particle size-selected metal having a aonhal 
distribution wherein an amount of said metal below about 75 microns is less than that 
predictable from the shape of the particle size distribution curve; 

electrically connecting' a first terminal to the mixture obtained in the fomiing 

..step; 
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obtaining an air electrode with a second tenninal connected thereto; and 
positioning a separator between the air electrode and the mixture, in physical 
contact with the air electrode and with the' mixture, wherein the separator permits ions 
to travel between the air electrode and the mixture and blocks metal particles from 
contacting the air electrode. 

27 The merthod of claim 26 »wiierein the particle-size-selected metal contafn's a substantial 

amonnt of particles withsizes that are close to the pi^etcrmiaied size, 
*23V • ;xheinethodofclaim''2Z;«^™ 

size-selected zinc, 

29. Tbemetbodofclabn 27, ^«an snbstsnatiaDy ailpardcl« coatainedm 

size-skected metal, are smaDtt tto aboTit 500 niOT 
3d . ■ The taet&od of dadm 2 7, wheraii.the partideraze-sclected metal includes particle- 

sizs-sdeeted rfnc. 



• 10 
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31. Theineflio4 of cJaimi 27; wijcrem substantia 
size-selected metal are smaller ttian about 500 miczons. 

32 . The method of dartni^?, whereisx the' paiticle-size-selected metal is obtained by 
removiis substantially all metal particless that are smaller" tbaa the predetermined size from a 
batch of metal particles.- 

33 . , The' method of claim '3?, wherein a sieve is used to remove substantially all of the 
25 metal particles that are smaller than tiae predetermined size. 

34. ■ The metiibd oi' claim;! 27, wherein the mixture foimed in the fonning step includes a 
gelling agent 
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3 5 . The method of claiin 27 , wherein a coirosion-inhibiting agent is alloyed iji the 
particle-size-selected metaL 



36. The method of claim 27, wherein the particle-size-selected metal includes particle- 
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size-selected zinc, and the particle-size-selected zinc accounts for about 60% by weight of the 
nilixture formed in the forming step. 

37. The method of claini.27, wherein the pardcle-sizc-selected metal includes pardcle- 
isize-selected 2dnc, and fhe mixture formed in the fbmiing step includes electrolytic zinc. 

?8. The method ofclaim 37, wherein a ratio of electrolytic zinc t^ 

zmc in the mixture formed in the foninng step is between about 1:9 about 1:1. 
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39, The method of claim i37, wherdn tiie electrolytic zdnc and the particle-size-selected 
2mc, taken togethex^'aqsount for about 60% by wei^t of the mi^cture formed in tlie forming 

40. A metal-alkaline battery cell comprising: 

a cathode including a catalyst and a conductive material; 
a first terminal electrically connected to the cathode; 

an anode mixture including an electrolyte and themaal zinc, said theraial zinc 
having a normal particle size distribution characteristic of theraial generation of said 
thermal zinc except for a precipitous tnmcadon of said normal particle distribution 
i such as would result from a sieving operation applied to thermal zinc; 
1 a second terminal electronically connected to said mixture; and 

! a separator located between the cathode and the mixture, in physical contact 

1 with the cathode and with the mixture, said separator being of such material as to 
permit ions to travel between the cathode and the mixture and to block metal particles 
from contacting the cathode. . 

41; A metal-air battery cell comprising: 
an air electrode; 

a first terminal electrically connected to the air electrode; 
an anode mixture including an electrolyte and themial zinc, said thermal zinc 
having a c characteristic of themial generation of said themial zinc except for a 
precipitous truncation of said particle-size-selected material said 
particle-size-selected material having a random particle size distribution characteristic 
of a sieving operation applied to thermal zinc, such as would result from a. sieving 
operation applied to said thermal zinc; 
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t. Basis fth r port 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 
Description, pages: 

1-17 as originally filed 

Claims, No.: 

1 -42 with telefax of 07/01/2001 

Drawings, sheets: 

1/4-4/4 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ 



the drawings, 



sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 . The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire International application. 
H claims Nos. 1,14, 26, 40, 41 , 42. 



□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (specify): 



□ the description, claims or drawings (indicate particular elements beloW) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 



H the claims, or said claims Nos. 1,14, 26, 40, 41 42 (see Sep.Sheet). are so inadequately supported by the 
description that no meaningful opinion could be formed. 

□ no International search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 



because: 
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III. 

The current set of clainns does not comply with the provisions of Art.34(2)(b) in 
that the present amendments go beyond the disclosure of the international application 
as filed. 

In particular, independent claims 1, 14 and 26 rely on the expression "... said 
particle-size-selected metal having a normal distribution wherein an amount of said 
metal below about 75 microns is less than that predictable from the shape of the 
particle size distribution curve ..." for which there is no basis in the application as 
originally filed. 

The same point applies to independent claims 40, 41 and 42 with respect to the 
expression "... said thermal zinc having a normal particle size distribution characteristic 
of thermal generation of said thermal zinc except for a precipitous truncation of said 
normal particle distribution such as would result from a sieving operation applied to 
thermal zinc ...". 

In this connection, the only mention in the original specification of a sieving 
operation is in the context of a particular thermal zinc (Mitsui) with a specific particle 
size limit (75 micrometres), see p. 12, 1.21 to p. 13, 1.2. 

Therefore, this passage does not provide sufficient support for the generalisation 
implied by the amended wording of claims 40, 41 and 42. 

The consequence of this is that no assessment can be made as to whether the 
subject-matter of the current claims, including the subordinate claims, complies with the 
requirements of novelty and inventive step having regard to the available state of the 
art. 

However, for the Applicant's benefit, the following points are noted with respect to 
the claims as originally filed, i.e. as if the amendments referred to in section III. had not 
been effected. 
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Novelty. 

The independent claims 1,16 and 30 are indetemninate in scope in relation to the 
expression "particles. ..larger than a predetermined size", to which no definite meaning 
can be attached unless the "predetermined size" is specified. 

The same point also applies to claims 10,19 and 31 in connection with the 
expression "a substantial amount of particles with sizes that are close to the 
predetermined size". 

Therefore, such expressions are not regarded as representing true Imiting 
features for the subject-matter of these claims. 

The result of this situation is that these claims, in their present wording, are so 
broad in scope as to embrace subject-matter known from documents cited in the 
International Search Report. 

In this connection, attention is directed to the disclosure of EP-A-0 551 204 (D1) 
(see e.g. col.4, 1.16-19) and the abstract of JP 60 230359 (D2), both relating to metal- 
air cells having, implicitly or explicitly, substantially all the features of the present cell 
and in particular an anode (the "mixture" of the present claims) comprising an 
electrolyte and metal (e.g. Zn) particles. 

Each of these disclosures is therefore detrimental to the novelty of the subject- 
matter of claims 1 , 2, 1 0, 1 6, 1 8, 1 9, 30, 31 and 38. 

Moreover, D2 takes away the novelty also of the subject-matter of claims 9, 24 
and 40 since it teaches incorporating a gelling agent in the anode mix. 

The use of particulate metal anodes in metal-alkaline cells is also known from e.g. 
the abstracts of JP 60 163367 (D3) and JP 56 145669 (D4). 



Inventive step. 

Of the remaining claims for which the requisite of novelty can be acknowledged, 
those which also would seem to comply with the requirement of inventive step are only 
those claims which specify the minimum "predetermined size" of the metal particles for 
which a technical effect has been shown, this in consideration of the data shown in 
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Table 2 and of the passage bridging pp.13 and 14. 

An inventive step can therefore be acknowledged to the subject-matter of claims 
11, 13, 20, 22, 32 and 35 and of the claims depending therefrom, i.e. claims 12, 14, 21, 
23, 33, 34, 36 and 37. 
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What is claimed is: 

1. A metal-alkaline battery cell comprising: 

a cathode including a catalyst and a conductive material; 
5 a first teraiinal electrically connected to the cathode; 

a mixture including an electrolyte and particle-size-selected metal; 
a second terminal electrically connected to the mixture; and 

a separator located between the cathode and the mixture, in physical contact with the 
cathode and with the mixture, said separator being of such material as to pemiit ions to travel 
1 0 between the cathode and the mixture and to block metal particles &om contacting the cathode, 

wherein substantially all particles contained in the particle-size-selected metal are 
larger than a predetermined size. 

2. The battery cell of claim 1 , wherein the wherein the particle-size-selected metal 
1 5 includes particle-size-selected zinc. 

3. The battery cell of claim 2, wherein the particle-size-selected zinc accounts for about 
60% cf the mixture by wcigiht 

20 4. The battery cell of claim 2, wherein the mixture includes electrolytic zinc. 

5. The battery ceU of claim 4, wherein a ratio of electrolytic zinc to particle-size-selected 
zinc in the mixture is between about 1:9 and about 1 :l. 

25 6. The battery cell of claim 4, wherein the electrolytic zinc and the particle-size-selected 
zinc, taken together, account for about 60% of the mixture by weight 

The battery cell of claim 1, herein the conductive material includes carbon. 
The battery ceU of claim 1, wherein the wherem the separator includes Teflon- 

9. Tne battery cell of claim 1 , wherein the mixture includes a gelling agent 



7, 

30 8. 
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10. The battery cell of claim 1 , wherein the particle-size-selected metal contains a 
substantial amount of particles with sizes that are close to the predetemiined size, 

1 1 . The battery cell of claim 10, wherein the predetermined size is about 75 microns. 

5 , 

12. The battery cell of claim 1 1, wherein substantially all particles contained in the 
particle-size-selected metal are smaller than about 500 microns* 

13. The battery cell of claim 1 0, wherein the predetennined size is about 100 microns. 

10 

14. The battery cell of claim 13, wherein substantially all policies contained in the 
particle-size-selected metal are smaller than about 500 microns. 

15. The battery cell of claim 1, wherein a corrosion-inhibiting agent is aUoy^ in the 
15 particle-size-selected metaL 

16; A metal-air battery cell c ompr ising: 
an air electrode; 

a first terminal electrically connected to the air electrode; 
20 a mixture including an electrolyte and particle-size-selected metal; 

a second termmal electrically connected to the mixture; and 

a separator located between the air electrode and the mixture, iQ physical contact with 
the air electrode and with the mixture, said separator being of such material as to permit ions 
to travel between the air electrode and the mixture and to block metal parti 

25. contacting the air electrode, 

wherein substantially all particles contained in the particle-size-sclccted metal are 

larger than a predetermined size. 

17. The battery cell of claim 16, wherein the wherein the separator includes Teflon. 

30 

18. The battery cell of claim 16, whereiD the particle-size-selected metal includes particle- 
size-selected zinc. 

19 
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19. The battery cell of claim 18, wherein the particle-size-selected zinc contains a 
substantial amount of particles with sizes that are close to the predetermined size. 

20. The battery cell of claim 19, wherein the predetemiined size is about 75 microns. 

5 

21 . The battery cell of claim 20, wherein substantially all particles contained in the 
particle-size-selected zinc are smaller than about 500 microns. 

22. The battery cell of claim 19, wherein the predetermined size is about 100 microns. 

10 

23. The battery cell of claim 22, wherein substantially all particles contained in the 
particle-size-selected zinc are smaller than about 500 microns. 

24. The battery cell of claim 19, wherein the mixture includes a gelling ^ent. 

15 

25. The battery cell of claim 19, wherein a corrosion-inhibiting agent is alloyed in the 
particle-size-selected zinc. 

26. The battery cell of claim 19, wherein the particle-size-selccted zinc accounts for about 
20 60% of the mixture by weigJiL . 

27. The battery cell of claim 1 9, wherein the mixture includes electrolytic zinc. 

28. The battery cell of claim 27, wherein a ratio of electrolytic zinc to particle-size- 
25. . selected zinc in the mixture is between about 1:9 and about 1:1. 

29. The battery ceUofclaim 27, wherein the electrolytic zinc and the particle 
zinc, taken together, account for about 60% of the mixture by weight 

30 30. A method of forming a corrosion resistant mctal-air battery cell comprising the steps 
of: 

forming a mixture by mixing ingredients including an electrolyte and particle-size- 
selected metal; 

20 



wo 00/36685 PCT/IL99/00681 

electrically connecting a first terminal to the mixture obtained in the forming step; 
obtaining an air electrode with a second temiinal connected thereto; and 
positioning a separator between the air electrode and the mixture, ia physical contact 
with the air electrode and with the mixture, wherein the separator peraiits ions to travel 
between the air electrode and the mixture and blocks metal particles fiom contacting the air 
electrode, 

wherein substantially all particles contained in the particle-size-selected zinc are larger 
fhm a predetermined size. 

3 1 . The method of claim 30, wherein the pardcle-size-selected metal contains a substantial 
amount of particles with sizes that are close to the predetermiaed size. 

32. The method ofclaim 31, wherein the predcteraiined size is about 75 microns. 

33. The method of claim 32, wherein the particlc-size-selected metal includes particle- 
size-selected zinc. 

34. The method of claim 32, wherein substantially all particles contained in flie particle- 
size-selected metal are smaller than aboixt 500 microns. 

35. The method of claim 31, wherein the predetermined size is about 100 microns. 

36. The method of claim 35, wherein the particle-size-sclected metal inchides particle- 
size-selected zinc 

37. Themetiiod of claim 35, wherein substantially all particles contained in the particle- 
size-selected metal are smaller than about 500 microns. 

38. The metiiod of claim 31, wherem the particle-size-selected metal is obtained by 
removing substantially all metal particles that are smaller than the predetermined size fiom a 
batch of metal particles. 

39. The method of claim 38, wherein a sieve is used to remove substantially all of the 
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metal particles that are smaller than the predetermined size. 

40. The method of claim 31, wherein the mixture fomied in the forming step includes a 
gelling agent 

41 . The method of claim 3 1 , wherein a corrosion-inhibiting agent is alloyed in the 
particle-size-selected metal. 

42. The method of claim 3 1 , wherein the particle-size-selected metal inclxides particle- 
size-selected zinc, and the particle-size-selected zinc accounts for about 60% by weight of the 
niixture formed in the forming step. 

43 . The method of claim 3 1 , wherein the particle-size-selected metal includes pairticle- . 
size-selected zinc, and the mixture formed in the forming step includes electrolytic zinc. 

44. The method of claim 43, wherein a ratio of electrolytic zinc to particle-size-selected 
zinc in the mixture formed in the forming step is between about 1:9 and about 1:1. 

45. The method of claim 43, wherein the electrolytic rmc and the particle-size-selected 
zinc, taken together, account for about 60% by weight of the mixture formed in the forming 
step. 
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CORROSION RESISTANT HIGH PERFORMANCE 
ELECTROCHEMICAL CELL 



CROSS REFERENCE TO RELATED APPLICATIONS 

Priority is claimed to U.S. application No, U.S. application No. 60/1 12^92, filed on 
December 15, 1998; and U.S. ^plication No. 60/129,401, filed on April 15, 1999, and each 
10 of these £5)plications is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates to zinc-based alloys iand electrolyte additives providing 
resistance to corrosion and improved performance as an electrode in electrochemical cells. 

15 The invention also relates to materials for housing electrochemical cells that ameliorate 

corrosion problems. The present invention is particularly applicsble for zinc-based alloys for 
use in metal-air battery cells. 

In conventional zinc-air batteries, the cathode reduces ambient oxygen, which means 
that the battery has only a single consumable electrode. The cathode of a metal-air battery 

20 typically has an active layer of activated carbon, a catalyst, and a binder, which forms a 

network and holds the carbon together. Embedded within the active layer is a metal current 
collector. A guard layer covers the surface of the active layer that faces the outside air, and an 
ionically conducting separator covers the surface that faces the anode. The guard layer keeps 
electrolyte from leaking out of the cell, and the separator separates the anode or an electrically 

25 conductive reaction product from the cathode active layer, thereby preventing an electrical 
short 

Polytetrafluoroethylene (PTFE) is an exatr5>le of a suitable material for a binder, and 
manganese oxides and hydroxides are commonly used catalysts. A nickel screen is a 
commonly used current collector although an expanded metal sheet or an alternative 
30 conductive material can be used, instead The guard layer can be made of a sheet of porous 
PTFE, and the separator can be made of a semipermeable membrane or a porous material. 
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Zinc-alkaline cells are kno-wn in the art as safe power sources having very high energy 
densities. One class of such cells - namely, 2anc-air cells - can use ambient oxygen as one of 
their electrodes, which eliminates the need for such cells to house two consumable electrodes 
in the same casing. Along with the benefits of metal-alkaline cells comes the drawback of the 
5 anode's tendency to corrode, particularly in the presence of dissimilar metals and electrolytes. 
Also, metal-alkaline batteries suffer fiom relatively poor performance in low temperature 
environments. 

One example of metal alkaline cells, namely zinc air cells, are capable of very high 

energy densities. The components of zinc-air cells are typically lightweight and inexpensive. 
10 Although zinc-air cells have higji energy density, their power capacity is not extremely high 

and this is unfortunate since many electronic portable devices diemand relatively large 

amounts of power from their power sources. 

A known technique for enhancing power performance in metal-alkaline cells is to 

provide high reaction rates by sub<fividing the metal as finely as possible or using crystalline 
15 forms characterized by high surface to mass ratio. Electrolytic zinc derives its ability to 

increase its power through its very high surface area to mass ratio. Unfortunately, flie higher 

surface area also contributes to increased corrosion rates. It is known to alloy metals such as 

zinc with metals that reduce the corrosion rate. However, electrolytic zinc cannot be alloyed 

easily because of the way it is formed. 
20 Thermal zinc (powdered zinc formed by atomization) is suscqjtible to alloying: 

However, thermal zmc carmot, at present, ^proach electrolytic zinc's surface area to mass 

ratio. 

Zinc-air battery cells typically have casings made, at least partly, of metal. The 
beneficial material properties of metal include its ability to serve the multiple purposes of 
25 housing the electrode(s), serving as electrical tenninal(s) of the cell, and as providing a large 
surface area to act as a low resistance current collector. Its value as a housing material 
derives fiom its cost, manufacturabiUty, strength, and other features. Cells can be made fiom 
two electrically insulated metal caang elements, which act as the opposing terminals of the 
cell, making the cell easy to electrically connect with an electronic device. Further, metal 
30 casings are ine3q)ensive to manufacture, sometimes requiring only a sinq)le staniping 
operation of a thin sheet of metal to form a relatively precisely shaped casing element. 

Metal casings can exacerbate corrosion by forming a g^vanic process with the zinc 
and tiie electrolyte. Corrosion wastes the cell's energy by consuming the zinc anode. Certain 

2 
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agents have been found to reduce the corrosive effects. However, these corrosion-inhibiting 
agents create certain difBculties and tend to inhibit the power capacity of the cell. 

The parasitic corrosion of zmc produces hydrogen gas. Hydrogen, if not pennitted to 
escape from the casing of the cell, can cause the internal pressure of the cell to rise. An 
5 increase in the internal pressure of the cell can cause the cell to electrically short, swell, leak 
electrolyte, and potentially burst. 

Zinc-air battery cells typically perform poorly in low temperature environments. As 
the temperature decreases, the viscosity of the electrolyte increases, which can lower the 
power capacity and overall energy edacity (given a minimum-voltage requirement for 

10 usability) of the cells. 

Zinc-air battery cells are also susceptible to failure due to sudden shocks. Sudden 

shocks can significantly and temporarily reduce the discharge voltage of the cell. These 

shocks can cause the electronic device to temporarily lose power. In certain appUcations, a 

temporary loss of power can have significant adverse effects. For example, a transient loss of 

15 power in a cellular phone may result in disconnection. 

STTMMARY CUF THE IN VENTION 
It is a principal object of the invention to provide an electrochenoical cell having zinc 
electrodes with improved corrosion resistance and hi^er performance, particularly at low 
20 temperatures. It is a further object of the invention to provide a metal casing that can 

eliminate or significantly inhibit the reactivity between a zinc-based anode and a metal casing. 

Electrolytic sdnc, with its high current generation potential, is mixed with themMl zinc, 
which can then be mixed with corrosion-inhibiting agents. In the alternative, the corrosion- 
inhibiting agents can also be alloyed with the thennal zinc, during its formation or otherwise, 
25 and then be combined with electrolytic zinc. In the formation of pure electrolytic zinc, the 
corrosion-inhibiting metals are less prone to alloy with the zmc anode. The addition of these 
agents significantly reduces the rate at which the zinc corrodes. 

In certain mixtures of electrolyticmiermal zinc, the two types of zinc can be mixed 
together and pressed to form into a plaque. Thefonnationof a plaque may eliminate the need 
30 to add a gelling agent The result is a somewhat ri^d structure that is capable of being placed 
in the cell instead of being extruded in the cell. The structure of the zinc significantiy 
improves the manufacturability of the cell. 



3 
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A typical tri-clad metal casing is made of layers of nickel, stainless steel, and copper, 
with the layer of copper on the inner surface of the casing element and the layer of nickel on 
the outer surface of the casing element The combination provides strength via the stainless 
steel, better electrical connectivity through the addition of the nickel, and a reduction in the 
chemical reactivity between the layer of stainless steel and the zinc anode through the use of 
copper. A layer of tin on top of the layer of copper can further reduce the rate of corrosive 
activity by separating the zinc/electrolyte mixture from the metal casing. This layer can be 
added by soldering, electrolytic plating, or by an electroless process. 

The performance of the zinc anode, especially in low temperature environments, can 
improve through the addition of low viscosity diluents and/pr alumina. The addition of 
diluerite such as isopropanol have been found to increase the discharge voltage of the cell with 
a minor decrease in energy capacity. The addition of alumina increases the energy capacity of 
the cell by vsp to 20%. The combination provides hoih benefits. 

The invention will be described in connection with certain preferred embodiments, 
with reference to the following illustrative figures so that it maybe more fully understood. 

With reference to the figures, it is stressed that the particulars shown are by way of 
example and for purposes of illustrative discussion of the preferred embodiments of the 
present invention only, and are presented in the cause of providing what is believed to be the 
most usefiil and readily understood description of the principles and conceptual aspects of the 
invention. In this regard, no attempt is made to show structural details of the inyentioii in 
more detail than is necessary for a fundamental understanding of the invention, the 
description taken wifli the drawings making apparent to those skilled in the art how the 
several forms of the invention may be embodied in practice. 

BREEF DESCRIPTION OF THE D RAWINGS 

Fig. 1 is graphical representation of discharge voltages of two similarly sized battery 
cells with zhxc anodes having a different porosity. 

Fig. 2 is gr^hical representation of the discharge voltages of five similarly sized 
battery cells with zinc anodes having different porosity and polyethylene glycol (PEG) 
content. The representation shows the effect that a sudden jolt has on differently configured 
battery cells. 

Figs. 3 and 4 show the effect that the additions of a diluent and alumina to a metal 
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anode have on the perfonnance of a battery ceU exposed to a low temperature environment. 

Fig. 5 shows a cross-sectional representation of a tri-clad metal anode casing element 
of successive layers of nickel, stainless steel, and copper. 

Fig. 6 shows an alternative cross-sectional representation of a tri-clad metal anode 
casing element with a layer of copper on both sides of a layer of stainless steel. 

Fig. 7 is a schematic section view of a typical zinc-air battery ceU that can make use of 
the air cathode of the present invention. The schematic is intended only to illustrate 
relationships between various components. 

Fig. 8 is schematic section, partial perspective, view of an air cathode illustrating some 
of the embodiments of the invention. 

pKSCRIPTlON OF TH F. TNVENTION 

The cathode described herein is intended for use in electrochemical cells or fuel ceUs. 
It is especially intended for use in primary metal-air battery cells, and especially zinc-air cells. 
The cells may be any suitable shape and be arranged in a housing that is Hberally supplied 
with openings to allow air gases to be exchanged between the ambient air and the enclosed 
cells. The ceUs can have a housing ofmetal, plastic, or any other suitable material. Each cell 
may have an array of air holes, such as used in zinc-air button cells, in such number and size 
as to allow oxygen to be suppUed to a cathode inside the cell. The air holes of each ceU may 
face either a plenum or the casing wall. The air holes are uniformly distributed, sized, and 
present in such number so as to insure that the cathode is not starved for oxygen, which could 
cause a drop in voltage. As an alternative to holes, the cell may use a semipermeable 
membrane or structure that perarits the difiusion of gases through the membrane or structure. 

Referring to Fig. 7, each of the cells 5 contains at least one air cathode 20 and at least 
one zinc anode 25 with aqueous alkaline electrolyte (e.g., KOH). The cathode 20 Ues 
adjacent a cathode side of the cell casing 2 and may be separated from that side by a diffuser 
50. The difiuser 50 distributes oxygen from holes 60 in the cathode side of the ceU 2 across 
the surface of the cathode 20 and keeps the cathode 20 at a fixed distance, equal to the 
difiuser's 50 thickness, from the cathode side 2 of the cell 5. The diffuser 50 may be a porous 
material such as woven, knitted, or non-woven cloth or extended plastic mesh material. It 
may act as a standoff to prevent the air-side surface 22 of the cathode 20 from smothering any 
of the holes 60 when an expansion of the zinc anode 25 causes the surface to press against the 
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inside wall of the cathode side of the cell 2. The holes 60 in the cathode side of the cell 2 are 
unifonnly distributed across the primary plane 70 of the cathode side of the cell. 

The casing 1 / 2 of the cell may be formed in two halves, an anode side 1 and a 
cathode side 2 as in Fig. 7. The cell casing 1 / 2, may be formed of any suitable material. If 
the casing 1 / 2 is made of metal or any other conductive material, the two halves 1 and 2 
should be insulated from one another. In either case, to form a primary seal 80, the cathode 20 
may be attached to, or sealed against, the cathode side 2 of the cell casing 1 / 2. The primary 
seal 80 may be effected by pressure, adhesive, or any other suitable means to prevent Uquid 
electrolyte from leaking into the space occupied by the difiuser 50. That is, the primary seal 
80 prevents liquid electrolyte from seeping around the cathode 20 into the area exposed to the 
outside air. A secondary seal 10 between the anode side of the cell 1 and the cathode side 2 
prevents aqueous electrolyte from seeping around to the edge of the cathode 20 or leaking out 
of the cell 5. In the embodiment of Fig. 7, the secondary seal 10 is formed by a grommet 90, 
which also serves to insulate the anode side 1 and cathode side 2 of the cell casing 1 / 2 from 
each other. Pressure, an adhesive, or flowing sealant, or other suitable means may be used to 

effect the secondary seal 10. 

Referring to Fig. 8, in an embodiment, the cathode consists of multiple layers with the 
middle layer being an active layer 120 composed primarily of carbon, FTFE, and a catalyst 
for reducing oxygen. Note that Fig. 8 is not to scale. The active layer 120 is the location 
where the oxygen reduction reaction takes place in the presence of the catalyst A separator 
layer 100 which may be prelaminated to the active layer 120 can be made from microporous 
hydrophihc polypropylene (PP), polyethylene, PVC. ceUophane, nylon, Celgard®, or other 
materials exhibiting similar properties. In some appUcations, the pore size of the separator 
100 is in the range of about 0.25 micron to 2 microns instead of the more typical average pore 
size of less than 0.25 micron used in other battery appUcatiOns. The larger pore size is 
sufficient to limit electrical shorts from crystallization of zinc oxide in the separator layer 100, 
and still permit enhanced wetting of the cathode active layer 120 with KOH solution. Other 
types of separator materials that may provide better cathode performance include microporous 
polyethylene or polypropylene whose hydrophiUcities .are enhanced by radiation grafting. 
Another class of suitable separator materials is semipermeable membranes based on 
cellophane, polyethylene, PVC, nylon, and polypropylene, for example, ZAMM-0 suppUed 
by Pall RAI Corp. An additional non-woven, absorbent material can be added between the air 
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electrode and the microporous separator or between the microporoiis separator and the zinc. 
The purpose of this is to provide an electrolyte reservoir. 

The following processes may provide the preferred composition of the electrode active 
layer 120, The quantities are representative only and the quantities and proportions may be 



5 varied. 

1 . 240 g Mn02 powder (Aldrich Oiemical Company, Milwaukee, WI) is 
milled for 24 hoxirs. 

2. Add 2000 cc deionized water and heat to 85^C while stirring. 

3. Slowly add 800 g activated caibon (Darco G-60 from American Norit, 
10 Atlanta GA). 

' 4. Slowly add 288 cc TTFE suspension (grade 30-N from DuPont). 

5. Continue stirring for an hour. 

6. Filter and then diy at 120*'C for about 5 hours. 



An alternative process for making an active layer that starts with KMn04 instead of 
15 Mn02 is described in US Patent 3,948,684, the entirety of which is incorporated herein by 
reference. 

Embedded within the active layer 120 is a current collector 140 commonly formed of 
a metal, for example, a nickel, screen. Nickel-plated or nickel-clad steel, gold-plated metal, 
or other materials could also be used. A plastic element coated or clad with a conductor could 

20 even be used. It is preferred that the current collector 140 of the cathode be treated or - 

constructed in such a way as to provide high surface area and low electrical resistance. The 
formation of oxide on the surface of a metal mesh current collector or a thin film of 
electrolyte on the hydropfailic surface of the current collector may limit the power C25)acity of 
the battery cell. One way to deal with this is to coat the current collector with a coating of a 

25 non-corroding metal finish. However, merely coating the current collector will not eliminate 
the disadvantages of remaining hydrophilic. Another option is to paint the electrode with a 
hydrophobic conductive paint Hydrophobic conductive paints have other advantages over 
metal finishes. Gold and silver are the only metals that can be coated on a cathode mesh and 
still provide reasonable conductivity. Both are very expensive. Moreover, a silver coating is 

30 slightly soluble in alkaline electrolytes, which may lead to an increased corrosion of the zinc 
anode. 

This paint may be apphed before the cathode active layer is combined with the current 
collector. A preferred paint is a mixture of the following: 

7 
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1. Fluorinated ethylene propylene copolymer (FEP) (Dupont 120-N or 

121 A) or some other thermoplastic, (e,g, polyolefin) preferably a 
fluoropolymer, 

2- Isopropyl alcohol or some other suitable solvent (other alcohols, 
5 ketones, chlorinated hydrocarbons, etc.) 

3- Acetylene carbon (Shawinigan carbon black made by Chevron) or 
some other suitable fonn of caibon, preferably hydrophobic, such as 



graphite. 

A representative batch of paint may be formed of 1400 cc isopropyl alcohol, 108 cc 

10 FEP and 20 g acetylene black. The paint may be sprayed, or apphed by any alternative 

suitable means, onto a mesh at a loading of 0.72 mg/cm^. This loading is only an example, 
and higher or lower loading values may also be used. 'The coated mesh is then baked in an 
oven at 290-330*^C to sinter the FEP and bond it to the metal current collector, e.g., woven 
nickel mesh. The actual sintering temperature, in ^^plications of the present invention, may 

15 depend upon the particular thomoplastic used. Note that, in addition to sintering a sinterable 
material such as FEP, materials that can be melted to form a coherent mass could also be used 
in replacement of the sinterable material to bond the coating in place. The painted current 
collector may be heated by microwave, infrared, RF, or ultrasonic means instead of heating 
the coated mesh in an oven. The sintCTed coating forms a continuous hydrophobic conducting 

20 coating that protects against the corrosion or the oxidation of the metal mesh material. "The 
sintering step also removes the surfactant in the FEP emulsion. It has been foimd that an air 
electrode with this coating laminated to a suitable separator and then incorporated into a zinc- 
air cell of area 10 cm^ (2.5 cm. by 4 cm.) gave a steady state voltage 250 mV higher than an 
air electrode without this coating when discharged at a constant 0.47A. 

25 To provide for high current capability in zinc-air batteries, the cathode should be fidly 

saturated with electrolyte. The cathode tends to dry out as a result of water evaporating from 
the cell and as a result of waters of hydration being drawn away from the cathode when zinc 
oxide forms during discharge of the cell. The addition of hydrophilic agents to the cathode 
ameliorates tiiis dryout effect. For example, cellulosic jnaterials such as Natrosol ® 250 

30 MBR hydroxyethylcellulose (HEC) may be added to the catiiode material (finely divided and 
added to the active layer mixture). As moisture leaves the cathode during discharge, the HEC 
holds onto this moisture and makes it available in the cathode despite the progressive dr>iQg 
of the cathode. A similar material has been used as a monolithic layer, but the incorporation 

8 
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of the material in its finely divided fonn inside the cathode active layer helps to insure that 
moistxrre is held where it is needed. The following is an example construction of a cathode 
material xising Natrosol. 

5 240 g. of MnC>2 powder (Aldrich Chemical Company, Milwaukee, WI) 

is ground finely in a mill for 24 hours. The MnCb is then poured into 2 liters of 
deionized (DI) water and heated to SS^'C. Add 800 g. of Darco G-60 carbon 
(American Norit, Atlanta GA) while stirring. Then add 288cc of Dupont 30-N PTFE 
suspension. Continue stirring for one hour, and then filter and dry at 120*'C for 5 
10 hours. 

Slowly add 200g of the active mass made above to 5 liters of DI water 
stirred at 85®C. After all the carbon is in suspension, add 2 grams of Natrosol (grade 
250MBR firom Hercules). Continue sttrring under heat until dry. 

The active mass treated with the Natrosol® is spread evenly over a 
15 nickel mesh (40x40 mesh 0.005 mm dia. nickel firom National Standard) and pressed 

to make an active layer of an air electrode. A porous PTFE sheet is then pressed on 
one side of the active layer. 

The air electrode fixjm above is then laminated with a microporous 
polypropylene film (grade 3501 fi-om Celgard®) separator. The air electrode and 
20 separator laminate is then assembled into a zinc-air cell of area lOcm^ containing 3.1g 

zinc and 2.4g 8M KOH solution, and the complete cell closed by crimping. 

Testing Technique - The test cell and a control cell that does not 
contain the Natrosol® are exposed to a 25-30% relative humidity (RH) enviromnent 
for a period of 7 days. After 7 days the cells are discharged under a load following a 
25 GSM profile, which is one of tiie standard profiles used by mobile communication 

devices for communicating with ground stations. GSM is a galvanostatic square wave 
profile consisting of 1.3A for 0.6 msec and 0.08A for 4.0 msec. The discharge cycle 
spans one hour (0.2Ah). The cells are then returned to the low humidity environment. 
This discharge cycle is repeated every 3-4 days until the cells fail- Failure is defined 
30 as the high current voltage falling below 0.9V. 

Results - On the initial test after 7 days, both types of cells had a 
voltage above 0.9V. But when tested after a total of 11 days exposure, to 25%RH, the 



9 
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cell without Natrosol® failed. The cell with Natrosol® continued to work in similar 
tests over a period totaling 25 days in a 25%RH environment. 
In Fig. 8, which shows a cross-section of the cathode, there is a guard layer 1 60, 
preferably formed of a PTFE film, laminated to the side of the active layer facing the air 
5 holes. The guard layer 160 allows oxygen to enter the cathode while preventing liquid 
electrolyte fi-om leakmg out. This layer 1 60 is preferably unsintered and highly porous to 
gases. The preferred porosity is at least 30%, but it is desirable to provide a guard layer that is 
even more porous. Porosity of 50% or more are even more preferable. The preferred 
thickness of the guard layer is no more than 1 00 microns. 

10 As visible in Fig. 7, an uncompressed PTFE film 85, which is separate from the 

laminated structure of the cathode 20, is uncompressed by any laminating process used to 
form the cathode stmcture shown in Fig. 8. During the manufacture of the cell, the grommet 
90 forces the cathode 20 against the cathode side of the cell 2, thereby compressing the 
previously uncompressed PTFE film 85. This helps to form the primary seal 80, which 

15 isolates the volume of the cell that is in communication with the outside air Sx>m the 

electrolyte as described above. Since the fihn 85 is initially uncompressed, it can act as a 
gasket to create or augment the secondary seal. Also, as discussed above, other means may be 
used to effect the seal 80 and the imcompressed PTFE layer 85 is not essential for this 
purpose. The PTFE layers - the guard layer laminated to the cathode and the uncompressed 

20 layer - allow air to difi^ise into the cathode while preventing liquid &om leaking out. 

In production, the active layer 120, the separator sheet 100, and the guard layer 160 
may be laminated together to form a single structure. Representatively, the dimensions of the 
active layer and the separator layers are 0^0-0,50 min and 0.025-0^5 mm, respectively. The 
actual dimensions depend on the ^>plication and can be any suitable thickness. It is 

25 preferable that the final pressure used to laminate all the layers together not be too high. 

It has been found that an active layer density of less than 1 g/cc is a suitable for 
attaining high current densities. It has been found that an active layer density of 0.8 g/cc is 
achievable and provides even greater current density potential. It was found that a PTFE 
layer with a porosity greater than 50% and a thickness, less than 1 00 microns and an active 

30 layer with a density less than 1 g/cc, and preferably less than 0.8 g/cc, exhibits a substantially 
higher limiting current than prior art cathodes. Together, these improvements produce an air 
electrode with a limiting current greater than 400mA/cm^ with a voltage greater than -300mV 
as compared to a Hg/HgO reference electrode at room temperature. 

10 
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Still another feature that has been found to result in higher performance is a roughened 
surface on the cathode active layer facing the separator. Siich a surface can be obtained by 
pressing the surface with an irregularly surfaced mold to form an imprint. Alternatively, 
various abrasion techniques, such as brushing, air blasting, or sandblasting; or various heat 
5 treatments, such as partial oxidation, can be used. The average roughness (Ra) of the surface, 
as measured by ANSI B46. 1-1978, should be on the order of 10-100 microns instead of the 
usual 0.1-1 microns. 

The combining of thermal zinc and electrolytic zinc to fomi a zinc mixture results in a 
zinc anode that is capable of generating relatively high cxirrent and combining with many 

10 performance increasing additives, such as corrosion inhibiting agents. Electrolytic zinc is 
formed by subjecting zinc to an electrolytic process, which resiilts in a form of zinc that is 
porous and that has a high surface to mass ratio. The process includes directly electroplating 
metallic zinc onto a current collector from a solution of zinc ions. The porous zinc that results 
from the process exhibits superior electrical conductivity and is capable of generating more 

15 power than a less porous zinc. Referring to Fig. 1, the graph plots the voltage output over 

time of two battery cells subjected to the same load. Line A represents the voltage ou^ut of a 
battery cell containing electrolytic zinc, and line B represents a battery cell containing thermal 
zinc. Fig. 1 clearly shows that electrolytic zinc (Line A) provides an increase of 
approximately 0.2 volts or approximately 20% to the voltage output of the battery cell. 

20 Althougih the electrolytic process is beneficial in that it results in a zinc capable of 

generating high current, the electrolytic process is not suitable for forming particles 
containing corrosion inhibiting metals alloyed to the zinc. ■ Thermal zinc, on the other hand, is 
enable of combining with corrosion inhibiting agents and is formed by atomizing molten 
zinc to form a zinc powder having a particle size distribution of between 0*0075 to 0.8 mm 

25 and a surface area of between 0:2 - 0.4 m^/g. Thermal zinc can then be combined with 
corrosion inhibitors, a gelling agent and a KOH solution to form a gelled mass capable of 
being extruded.to form a zinc anode. 

A mixture of thermal zinc with electrolytic zinc results in a combination exhibitiiig 
beneficial qualities of both thermal and electrolytic zinc. A gelling agent may be added to the 

30 mixture to form a zinc slurry. A mixture containing 1 0% to 50% electrolytic zinc is 
preferable. 

At the higher end of the spectrum (50% electrolytic zinc), a gelling agent may not be . 
necessary. The mixture can be combined and pressed together to form a porous, rigid, plaque, 

11 
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The plaque maintains its shape due to the dendritic structure of electrolytic zinc tangling with 
the structure of the thermal zinc. The dendritic branches of electrolytic zinc tangle with each 
other and also with the theraial zinc to hold the powder-like thermal zinc. One advantage of 
forming a plaque structure is that the plaque can be placed in the casing. Nonnally, a gel-like, 
5 zinc bolus is dispensed in the casing and the manufacturer must provide time in the assembly 
process for the zinc to settle and spread out to fill the casing. 

The addition of polyethylene glycol (PEG) to the zinc electrolyte mixture can reduce 
the rate by which the zinc corrodes. The effect of PEG on zinc corrosion was evaluated using 
PEGs with differing molecular weights. Referring to Table 1 below, PEG-600 and PEG-1500 
10 were found to be most effective in this demonstratioii, with higher concentrations resulting in 
better corrosion resistance. 

TABLE 1 



Concentration, 
ppm 


Corrosion rate (%Meek) 


PEG-600 


PEG-1500 


PEG-10,000 


500 


0-009 


0.007 


0.017 


1000 


0.008 




0.018 


1500 


aoo6 


0.006 


0.017 


2500 


0.005 


0.006 


0.018 


3000 


0.006 


0.006 


0.018 


4000 


0.004 


0.004 


0.017 


5000 


0.002 


0.004 


0.016 



15. 

The addition of PEG to the zinc anode also increases the cell's resistance to sudden 
shocks. Sudden mechanical shocks to the cell can cause flie discharge voltage to significantly 
and temporarily drop. This voltage drop can significantly and adversely affect the operation 
of the device powered by the cell. Tlie effect is more pronoxmced in zinc-air cells with zinc 
20 anodes made of electrolytic zinc. 

A large miimnimi particle size can contribute substantially to a low corrosion rate. A 
particular zinc anode material was obtained by removing the smallest fraction of particles, 
those below 100 microns, from a batch of zinc particles. In test samples, the starting material 
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was Mitsui thermal zinc, 50 to 500 microns. The smallest fraction, below 75 microns, was 
removed by sieving. The results of tests of samples of the big zinc particles shows a very low 
corrosion rate. The following are results of corrosion tests on various batches of zinc 
material, some in combination with PEG or PbO. 

5 

Table 2 





Corrosion rate (%/wk) 


No 


Type 


IR 


Rp 




Cap 
[Ah] 


0% 


20% 


50% 


1 


Small particles- 
38-75JI 


.055 


30 


1.1 


23 


0.23 


034 


0.9 


2 


Big particles- 
250-500^ 


0.08 


150 


1.13 


2.7 


0.04 


OJZ 


035 


3 


lOOppmPEG 


0.07 


880 


1.01 


2.6 


0.05 


.021 


0.28 


4 


200ppmP£G 


0.1 


1150 


1.055 


235 


0.05 


.011 


0.2 


5 


In coating 


0.1 


80 


1.11 


2^5 


0.15 


.02 


0.5 


6 


SOOppmPbO 


0.1 


70 


1.04 


2,6 


0.25 


.04 





Six sanaples were tested. The first sample consisted of smaU particles of zinc in the 
10 range of 38-75 microns. The rest of the samples contained large particles of zinc in the range 
of 250-500 microns. The second sample had no additives. The third and fourth contained 
100 and 200 ppm PEG-600 in the electrolyte. The fifth sample had an indium-coated lining 
adjacent the zinc. The sixth sample contained 500 ppm PbO. Table 1 shows the results 
corrosion tests in which the cells were discharged at 0.47 A. The table headings are defined 
15 as follows: IRis the resistance of the test cell. Rp is the passivation resistance. Vpiatisthe 
plateau exhibited by the voltage vs. time discharge curve. Cap. is the total energy delivered 
before the voltage dropped below 0.9 volts. Corrosion rates were measured at various points 
through the discharge history of the test cells, namely, at 0% discharge, 20% discharge, and 
50%discharge. 

20 From Table 2 it can be seen fliat the corrosion rate of small particles is much greater 

than that of the larger particles. Addition of PEG reduced corrosion but reduced the plateau 

voltage and increased the passivation resistance. From these data, it is concluded that 

removing the smaller fraction of zinc firom a batch of zinc particles reduces the corrosion rate. 

It has been found by further experiments that if the particles below 75 microns are removed 
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from a zinc batch, the corrosion rate is lowered to the point comparable to the above large 
particle samples. Preferably, the particles below 100 microns in size are removed. 

Fig. 2 shows the effects of mechanical shocks on the discharge voltage of five (5) 
zinc-air battery cells. A, B, C, D, and E, having different proportions of PEG and having 
5 different porosities (the greater the concentration of PEG corresponds to lesser porosity). At 
times I, n, and m, the battery cells were dropped onto a rigid surface at increasing heights. 
As shown in the chart, PEG afifects the cell's reaction to shock. At concentrations of 10 ppm, 
the battery cell experienced a drop of .135 volts or approximately 10% when dropped from a 
height of 10 cm. This drop was less than .02 volts, or 2%, when the PEG concentration was 

10 increased to SO ppm. Increasing the concentration further results in a minor improvement in 
shock resistance with a significant drop in discharge voltage. Although the discharge voltage 
of the 10 ppm. cell benefited from the lower concentration levels, this benefit was more than 
offset by the shock effects when dropped more than 1 0 cm. 

To increase the performance of the cell, especially when exposed to low temperatures, 

15 a low viscosity diluent can be added to the zinc electrolyte mixture. Examples of suitable 
diluents are isopropanol, isobutanol, and secbutanol, and long chain and branched alcohols. 
Concentrations of 5% by weight of a low viscosity diluent have been found to increase the 
discharge voltage by 60mV. 

To increase the energy edacity of the cell, alumna (AI2O3) can be added to the ziac 

20 mixture. Concentrations of alumina of 1 % by weigjit have been found to increase capacity by 
about 10%. However, the addition of alumina tends to decrease the discharge voltage of the 
cell. This voltage decrease can be ofiset through the addition of a diluent, as described above. 

Refeixing to Figs. 3 and 4, the two graphs show the effects that alumina and isoprandl 
have on a battery cell when the battery cell is exposed to low temperature environments. 

25 Figure 3 shows the discharge voltage of a battery cell with the additives at 25*^0, and Figure 4 
shows an identically-configured cell at 0°C. In the lower temperature environment (Fig. 4), 
both the discharge voltage and the energy capacity of a cell with the additives exceeded those 
of the cell without the additives. In the higher temperature environment (Fig. 3) the additives 
neither helped nor hurt the performance of the battery cell. 

30 Corrosion resistance of the zinc anode is also accomplished through a coating on the 

metal casing. The zinc anode can react galvanically with the metal of the casing, resulting in 
corrosion and the generation of hydrogen (gassing). Gassing increases the internal pressure of 
the battery cell, which also increases the likelihood that the battery cell will leak. The 
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generation of hydrogen can cause a cell to fail within hours of assembly. 

The following zinc/electrolyte/corrosion-inhibitor combination was fom:ied as an 
example that displays the above properties. 

L 560 grams of zinc powder (theraial zinc) from Mitsui Mining & Smelting Co. 
5 Ltd., ABI grade is mixed with 5 grams of Carbopol 941 , a gelling agent, to fomi a 

uniform zinc/gelling agent mixture. 

2. 27.4 grams of ZnO from Durham, Electrolux grade, is mixed with a Uter of 
deionized water, 8.5 M in KOH, to fomi zincate solution. Electrolytic zinc is formed 
by electroplating the zinc from the zincate solution onto a metal sheet. The 

10 electrolytic zinc is added to 435 grams of a deionized water solution of 8.5 M KOH 

from Oxychem Co. at a proportion of 22 grams of electrolytic zmc for every hter of 
dioinized water to form a zinc/water solution. 

3. The zinc water solution is mixed with the zinc/gelling agent mixture to form a 
blend containing 56.0:0.5:43.5 by weight of zinc powder:Carbopol:KOH. The blend 

15 is stored for 24 hours and separated into the desired dosage. 

To limit gassing and corrosion, a layer of tin is coated onto the interior side of the 
casing, thereby separating the zinc anode from the metal casing. A complete electrical 
separation is not preferred since, in most zinc-air cells, the casing acts as an current collector 
20 of the cell, and the anode is electrically connected to this current collector through its contact 
with the casing. 

The thickness and the n[ianner of application play major roles in the effectiveness of 
the coating. Tests conducted on cells with a coating of indium of 1 1 microns and 33 microns 
revealed that the corrosion rate improved 320% - 900% from the thinner to the thicker 
25 coating. The average corrosion rate of a cell with all microns thick coating of indium was 
0.32% to 0.36% per week. This avCTage decreased to 0.04% to 0.1% for a 33 microns thick 
coating. 

Forming a uniform and complete coating of tin can be accomplished by soldering, 
electrolytic plating, and electroless plating. Tin can be soldered onto the surface of the casing 
30 by melting the tin and spreading it over one or both surfaces. Tin can also be added by an 
electrolytic process on either or both sides of the casing element An electroless process can 
also be used. Applying tin through a well-known electroless process requires the presence of 
a copper support layer. 

15 
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Referring now to Fig. 5 showing an anode casing element 100 formed of three layers 
of different materials, a layer of copper 105 forms the inner surface of the casing element 100, 
and a layer of nickel 1 10 forms the outer surface of the casing element 100. Between the two 
layers 105, 1 10 is a layer of stainless steel 115. The combination of the three layers 105, 110, 
5 and 115 provides the casing element 100 with material properties that are not found in a 
single material. The layer of nickel 1 10 provides the casing element 100 with improved 
electrical coimectivity properties with the electronic device. The layer of nickel 110 also 
protects the layer of stainless steel 115 from the atmospheric conditions, which can cause the 
layer 1 15 to oxidize and corrode. The layer of stainless steel 115 provides strength to the 

10 stracture of the casing element 100. The layer of copper 105 protects the layer of stainless 
steel 115 and the metal anode from reacting with each other and also provides a surface for 
the electroless plating of the protective layer of tin. 

Coppler is required for the electroless plating of tin, SnO or SnCl2 reacts with the 
copper layer 105 in a bath containing thiourea. The layer of tin (not shown) formed on the 

15 copper layer 105 has been foxmd to inhibit the corrosion of the metal anode. 

The casing element 100 may also be formed of two layers instead of three, with the 
layer of nickel 1 10 eliminated. The nickel layer 110 does not assist with the inhibition of the 
reactivity between the zinc anode and the casing element 110, and is therefore, not absolutely 
essential to the benefit exhibited. 

20 Further, a casmg element may also have two layers of copper and one layer of 

stainless steel. For example, referring to Fig. 6 showing such an arrangement in an alternative 
casing element 120, a layer of copper 125 forms the inner surface of the casing element 120 
and a layer of copper 125 also forms the outer surface of the casing element 120, with the 
copper layers 125 sandwiching a layer of stainless steel 130, 

25 When this casing element 120 is immersed in a bath containing thiourea and SnO or 

SnCk, layers of tin (not shown) are formed on both sides of the casing element 120. The 
layer of tin on the outer surface of the casing element 120 protects the casing element from 
corrosion in ambient air. 

Another solution to the corrosion problem is to coat a substantial portion of the inner 

30 surface of the casing element with an insulator, such as an epoxy. Since the chemical reaction 
rate between the 2dnc anode and the casing element is directly related to the area of the 
exposed surface of the casing element to the zinc anode, a reduction of this exposed surface 
area reduces the rate of corrosion. However, some exposure should remain since the casing 
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element acts as a current collector of the cell, and electrical connectivity between the zinc 
anode and casing element should remain for the casing element to perform this function. 
Examples of suitable insulting materials include tar and epoxy. 

To further improve the performance the efBciency of the battery cell, a zinc/electrolyte 
mixture should contain a lesser concentration of zinc than the mixture employed in the prior 
art. Concentrations of 60% zinc by weight, instead of 70-80% zinc as used in the prior art, 
ensures that a greater portion of the zinc is utilized. Larger concentrations of zmc results in a 
drier mixture that is more susceptible to desiccation and the attendant decreased energy 
capacity. Metal-air battery cells are particularly susceptible to dry^out. 

It will be evident to those skilled in the art that the invention is not limited to the 
details of the foregoing illustrative embodiments, and that the present invention may be 
embodied in other specific forms without departing from the spirit or essential attributes 
thereof The present embodiments are therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being indicated by the £Q>pended claims rather 
than by the foregoing description, and all changes which come within the meaning and range 
of equivalency of the claims are therefore intended to be embraced therein. 
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What is claimed is: 

L A metal-alkaline battery cell comprising: 

a cathode including a catalyst and a conductive material; 
5 a first terminal electrically comiected to the cathode; 

a mixture including an electrolyte and particle-size-selected metal; 
a second terminal electrically cormected to the mixture; and 

a separator located between the cathode and the mixture, in physical contact with the 
cathode and with the mixture, said separator being of such material as to permit ions to travel 
10 between the cathode and the mixture and to block metal particles Jfrom contacting the cathode, 

wherein substantially all particles contained in the particle-size-selected metal are 
larger than a predetermined size, 

2. The battery cell of claim 1, wherein the wherein the particle-size-selected metal 
1 5 includes particle-size-selected zinc. 

3. The battery cell of claim 2, wherein the particle-size-selected zinc accounts for about 
60% of the mixture by weight 

20 4. The battery cell of claim 2, wherein the mixture includes electrolytic zinc. 

5. The battery cell of claim 4, wherein a ratio of electrolytic zinc to particle-size-selected 
zinc in the mixture is between about 1:9 and about 1:1. 

25 6. The battery cell of claim 4, wherein the electrolytic zinc and the particle-size-selected 
zinc, taken together, account for about 60% of the mixture by weight 

7. The battery cell of claim 1 , wherein the conductive material includes carbon. 

30 8. The battery cell of claim 1 , wherein the wherem the separator includes Teflon. 

9. The battery cell of claim 1 , wherein the mixture includes a gelling agent. 
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10. The battery cell of claim 1, wherein the particle-size-selected metal contains a 
substantial amount of particles with sizes that are close to the predetermined size, 

11. The battery cell of claim 10, wherein the predetermined size is about 75 microns. 

5 

12. The battery cell of claim 1 1, wherein substantially all particles contained in the 
particle-size-selected metal are smaller than about 500 microns, 

13 . The battery cell of claim 10, wherein the predetermined size is about 100 microns. 

10 

14. The battery cell of claim 13, wherein subs;tantially all particles contained in the 
particle-size-selected metal are smaller than about 500 microns. 

15. The battery cell of claim 1, wherein a corrosion-inhibiting agent is alloyed in the 
15 particle-size-selected metal, 

16. A metal-air battery cell comprising: 
an air electrode; 

a first terminal electrically connected to the air electrode; 
20 a mixture including an electrolyte and particle-size-selected metal; 

a . second terminal electrically connected to the mixture; and 

a separator located between the air electrode and the mixture, in physical contact with 
the air electrode and with the mixture, said separator being of such material as to pemiit ions 
to travel between the air electrode and the mixture and to block metal particles &om 
25. contacting the air electrode, 

wherein substantially all particles contained in the particle-size-selected metal are 
larger than a predetennined size. 

17. The battery cell of claim 16, wherein the wherein the separator includes Teflon. 

30 

18. The battery cell of claim 1 6, wherein the particle-size-selected metal includes particle- 
size-selected zinc. 
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19. The battery cell of claim 1 8, wherein the particle-size-selected zinc contains a 
substantial amount of particles with sizes that are close to the predetermined size. 

20. The battery cell of claim 19, wherein the predetemiined size is about 75 microns. 

5 

21 . The battery cell of claim 20, wherein substantially all particles contained in the 
particle-size-selected zinc are smaller than about 500 noicrons. 

22. The battery cell of claim 19, wherein the predetermined size is about 1 00 microns. 

10 

23. The battery cell of claim 22, wherein substantially all particles contained in the 
particle-size-selected zinc are smaller than about 500 microns. 

24. The battery cell of claim 19, wherein the mixture includes a gelling agent. 

15 

25. The battery cell of claim 19, wherein a corrosion-inhibiting agent is alloyed in the 
particle-size-selected zinc. 

26. The battery cell of claim 19, wherein the particle-size-selected zuic accounts for about 
20 60% of the mixture by weight 

27. The battery cell of claim 19, wherein the mixture includes electrolytic zinc. 

28. The battery cell of claim 27, wherein a ratio of electrolytic zinc to particle-size- 
25- selected zinc in the mixture is between about 1 :9 and about 1:1. 

29. The battery cell of claim 27, wherein the electrolytic zinc and the particle-size-selected 
zinc, taken together, account for about 60% of the mixture by weight 

30 30. A method of forming a corrosion resistant metal-air battery cell comprising the steps 
of: 

forming a mixture by mixing ingredients including an electrolyte and particle-size- 
selected metal; 
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electrically connecting a first terminal to the mixture obtained in the forming step; 
obtaining an air electrode with a second teraiinal connected thereto; and 
positioning a separator between the air electrode and the mixture, in physical contact 

with the air electrode and with the mixture, wherein the separator peraiits ions to travel 
5 between the air electrode and the mixture and blocks metal particles from contacting the air 

electrode, 

wherein substantially all particles contained in the particle-size-selected zinc are larger 
than a predetermined size. 

10 31. The method of claim 30, wherein the particle-size-selected metal contains a substantial 
amount of particles with sizes that are close to the predetermined size. 

32. The method of claim 3 1 , wherein the predetennined size is about 75 microns. 

15 33. The method of claim 32, wherein the particle-size-selected metal includes particle- 
size-selected zinc. 

34. The method of claim 32, wherein substantially all particles contained in the particle- 
size-selected metal are smaller than about 500 microns. 

20 

35. The method of claim 31, wherein the predetennined size is about 100 microns. 

36. The method of claim 35, wherein the particle-size-selected metal includes pMticle- 
size-selected zinc. 

25 

37. The method of claim 35, wherein substantially all particles contained in the particle- 
size-selected ntietal are smaller than about 500 microns. 

38. The method of claim 31, wherein the particle-size-selected metal is obtained by 

30 removing substantially all metal particles that are smaller than the predetermined size from a 
batch of metal particles. 

39. The method of claim 38, wherein a sieve is used to remove substantially all of the 
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metal particles that are smaller than the predetermined size. 

40. The method of claim 31, wherein the mixture formed in the forming step includes a 
gelling agent. 

41 . The method of claim 3 1 , wherein a corrosion-inhibiting agent is alloyed in the 
particle-size-selected metal. 

42. The method of claim 31, wherein the particle-size-selected metal includes particle- 
size-selected zinc, and the particle-size-selected zinc accounts for about 60% by weight of the 
tnixture formed in the forming step, 

43. The method of claim 31, wherein the particle-size-selected metal includes particle- 
size-selected 2iQC, and the mixture formed in the forming step includes electrolytic zinc. 

44. The method of claim 43, wherein a ratio of electrolytic zinc to particle-size-selected 
zinc in the mixture formed in the forming step is between about 1 :9 and about 1:1. 

45. The method of claim 43, wherein the electrolytic zinc and the particle-size-selected 
zinc, taken together, accoimt for about 60% by weight of the mixture formed in the forming 
step. 
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An air-managing system for metal-air bat- 
tery includes resealable septum and one or more 
hollow needles. The septum separates air pathway 
into two segments. One segment is from air cath- 
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manager can be coupled to a disposable cell pack 
which has a septum that can be pieiced by the nee- 
dles. 
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10 1 

AIR-MANAGING SYSTEM FOR METAL-AIR BATTERY 
USING RESEALABLE SEPTUM 

15 Cross-Reference to Related Applications 

The following patent applications, all of which are incorporated 
herein by reference, contain related subject matter and are being filed concurrently 
with the present application. 
20 "CYLINDRICAL METAL-AIR BATTERY WITH A 

CYLINDRICAL PERffHERAL AIR CATHODE"(Attomey Docket 01446-0805); 

"AIR MANAGER SYSTEMS FOR METAL-AIR BATTERIES 
UTILIZING ADIAPHRAGM OR BELLOWS" (Attorney Docket 01446-0890); 

"AIR MOVER FOR A METAL-AIR BATTERY UTILIZING A 
25 VARIABLE VOLUME ENCLOSURE' (Attorney Docket 01446-1 1 10); 

"DIFFUSION CONTROLLED AIR VENT WITH AN INTERIOR 
FAN" (Attorney Docket 01446-0940); 

"UNIFORM SHELL FOR A METAL-AIR BATrERY"(Attomey 
Docket 01446-1100); 

30 "LOAD RESPONSIVE AIR DOOR FOR A METAL-AIR CELL" 

(Attorney Docket 01446-1 130); 
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"GEDMEniY CHANGE DIFFUSION TUBE FOR METAL-AIR 
BATTERIES" (Attorney Docket 01446-1000); and 

"AIR DELIVERY SYSTEM WITH VOLUME-CHANGEABLE 
PLENUM OF METAL-AIR BATTERY" (Attorney Docket 01446-0910). 

5 

Field of the Invention 

The present invention relates generally to batteries, and more 
particularly relates to an air-managing system for a metal-air battery. 

10 Description of the Related Art 

Metal-air battery cells include an air permeable cathode and a metallic 
anode separated by an aqueous electrolyte.' During discharge of a metal-air battery, 
such as a zinc-air battery, oxygen from the ambient air is converted at the cathode to 
hydroxide, zinc is oxidized at the anode by the hydroxide, and water and electrons 
15 are released to provide electrical energy. Metal-air batteries have a relatively high 
energy density because the cathode utilizes oxygen from ambient air as a reactant in 
the electrochemical reaction rather than a heavier material such as a metal or metalUc 
composition. Metal-air battery cells are often arranged in multiple cell packs within 
a common housing to provide a sufficient amount of power output. The result is a 

20 relatively lightweight battery. 

To operate a metal-air battery cell, it is necessary therefore to 
provide a supply of oxygen to the air cathodes of the cells. An air manager system 
is typically used to provide reactive air and to isolate the air cathodes when the cell • 
is idle. Some prior systems open air cathodes widely to the atmosphere or use a fan 

25 system to sweep a flow of new ambient air from openings across the air cathodes to 
supply oxygen at a rate sufficient to achieve the desired power output The open air 
cathodes or the openings are gencraUy sealed during non-use by seaUng tapes, 
plugs, mechanical doors, etc. because the water vapor and oxygen in the ambient 
air would cause the ceU to Hood, dry out, or discharge in some citcumsunces. 

30 thereby leading to a reduction in ceU efficiency and lifetime. Diffusion-controlling 
openings have been applied to the air njanager. as shown in U.S. Patent 
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5,691.074. However, a more strict isolation may sometimes be desired for a 
longer shelf life. 

The above-described sealing systems such as a sealing-tape are 
generally designed for single use and require new sealing means such as a new tape 
5 to seal the opening again. Mechanical doors are usually durable and thereby can 
open and close the openings more than once. The doors typically are positioned on 
a battery housing case such that a disposable battery , body may have door 
mechanisms, which may be reusable even after the battery loses its power. 
However, the mechanisms require expensive moving parts and they tend to leak. 
\q Thus, there has been a need for a reusable and practical scaUng 

system to prevent water vapor transfer and leakage current when the battery is not 
in use. The system should be simple and work repeatedly during a banery lifetime, 
and further minimize disposable parts to lower the cost and to protect the 
environment. Along these lines, it would be efficient not to have to dispose of an 
15 air manager when every cell pack reaches the end of its useful life. If the battery 
could be divided into a disposable part and a reusable part, a simple and reUable 
engaging means to connect two parts may be needed. 

Summary of the Invention 
20 The invention seeks to provide an improved ventilation system and 

an improved ventilating method for a metal-air cell or battery, which has a long 
shelf life and retains essentially all its original power during a period of storage. 

In accordance with the invention, this object is accomplished in a 
metal-air power supply system having two air pathway segments separated by a 
25 self-sealable septum, and a hollow needle to puncture the septum. 

The present invention, therefore, provides a ventilation system for a 
metal-air battery having a housing or a case for enclosing at least one metal-air cell, 
at least one self-sealable septum, and one or more hollow needles. The case has at 
least one opening that is covered with the self-scalable septum and is sealed off 
30 from a reactive gas source or the outside air. Thus, the sepmm divides an ar 
pathway into two segments. The first segment from an air cathode of the ceU is 
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enclosed in the case and terminated by the septum. The second segment to the 
outside air includes mbular passages of the hollow needles. When the needles 
penetrate the septum, the two segments are connected and the air pathway is 
completed to convey a reactive gas. e.g.. oxygen, to the air cathode from the 
5 outside air. 

The present invention provides a multi mode ventilation system for a 
metal-air battery with one or more openings connected to the outside air in the 
second segment At least one air-moving device is disposed in the second segment 
such that the device may give a satisfactory air flow rate for required power. If the 

10 openings are preferably sized, leakage current of the cell may be lowered for non- 
use conditions when ti»e air-moving device is off. Furthermore, the preferably 
sized openings prevent the ceU from flooding and drying out by exchanging water 
vapor with the outside air. Thus, the lowest mode is for storage, a middle mode is 
for non-use. and the highest mode is to provide power with the air-moving device 

15 on. 

The present invention further provides a power supply system 
having a cell pack vnth at least a self-sealable septum and an air-managing device 
witfi one or more hollow needles. The cell pack may be stored alone to maintain the 
original power. The air-managing device engages with the cell pack when the 

20 power supply is needed. 

The present invention further provides an electric device with an air- 
managing device and a disposable ceU pack with a self-sealable septum. The air- 
managing device is combined in the electric device such that the consumers may 
only have to buy a disposable cell pack. 

25 The present invention further provides a ceU pack including one or 

more metal-air cells in a housing which has air opening sealed by resealable 
septum. 

The present invention further provides a reusable ventilation system 
that engages with an above-mentioned ceU pack. The ventilation system has one or 
30 more hollow needles, at least one air moving device or fan, and one or more 
openings for air ingress and egress. 
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Other features and advantages of the present invention will become 
apparent upon reviewing the following description of preferred embodiments of the 
invention, when taken in conjunction with the drawings and the appended claims. 

Brief Description of the Drawing 

FIG. I is a diagrammatic top view of the ceU pack case and the 
hollow needle embodying the present invention showing position of the cells, the 
opening, the septum, and the hoUow needle, indicating the movement direction of 
the needle to engage the case; ,. i f 

no. 2 is a vertical cross sectional view taken along bne 2-2 oi 
HG. 1 . showing the needle ready to pierce the septum the case. 

FIG. 3 is a vertical cross sectional view of the cell pack case 

engaged by the hollow needle. 

HG. 4 is a diagrammatic perspective view of a second embodinvent 
15 of the present invention showing a cell pack including a septum positioned adjacent 
to an air manager equipped with hollow needles. 

HG. 5 is a vertical cross secuonal view taken along hne 5-5 oi 

FIG.4. 

HG. 6 is a diagrammatic top view of a cell pack adjacent to an air 
20 manager of a thiixl embodiment of the present invention. 

HG 7 is a diagrammatic top view of a cell pack incorporating an 
air-moving device, and adjacent to a puncturing device of a fourth embodiment of 

the present invention. 

HG 8 is adiagrammatic top view of a ceU pack and an air-moving 
25 device contained in an electric device according to a fifth embodiment of the 

present. ^ _^ ^ perspective view of a metal-air battery or a power supply 

according to a sixth embodiment of the present invention. ,„ . 

FIG. 10 is a vertical cross sectional view taken along Une 10-10 or 

30 FIG.9. 
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FIG. 1 1 is a vertical cross sectional view taken along line 11-11 of 

FIG.9. 

Description of tlie Preferred Embodiment 
5 Referring now in more detaU to the drawings, in which like 

numerals refer to Uke parts throughout the several views. HGS I. 2, and 3 show 
one embodiment of the present invention. This embodiment is suitable for 
continuous operation of the cells to provide power and to provide sufficient oxygen 
to generate the power without a fan. The metal-air battery includes a plurality of 
10 cells 10 enclosed within a ccU case 12. Since the present invention appUes to 
primary and secondary metal-air cells, the cells of the first embodiment and the 
following embodiments are similar to those disclosed and known. Suitable 
components for primary metai-air cells ate described in U.S. Patents 5.721.065. 
Secondary cells also can be used with or without an air mover embodying the 
15 present invenuon. such as that described in U.S. Patent 5.569.551. All types of 
metal-air cells may benefit by use of the present invention. The figures are 
exaggerated for illustration. Although the use of the invention with a zinc-air 
battery is disclosed, this invendon should be understood as being appUcable to 
other types of metal-air battery cells. 1^6 present invenuon can be used with 
20 primary or secondary batteries. 

The case 12 isolates the plurality of cells 10 from the outside air and 
defines an opening 14 that is covered with a self-sealable septum 16. TTie cells 10 
are generally arranged such that a reactant air plenum 18 is positioned under the 
ceUs 10. The air plenum 18 generally defines an air pathway to air cathodes of the 
25 cells 10. The septum 16 is affixed at a lower portion of the case 12 and terminates 
the air pathway at the opening 14. A cell pack 20 includes the cells 10. the plenum 
18. the case 12, and the septum 16. The cell pack 20 does not have any air vents. 

A hoUow needle 22 is positioned so as to puncture the septum 16. 
The needle 22 may be supported by a board, a case, or the like such that reciprocal 
30 longitudinal modon of the needle is enabled. The needle 22 has a needle tip 24. a 
longitudinal tubular passage 26. and a circular cylindrical wall defining the passage. 
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The needle 22 is preferably aligned perpendicular to the septum 16 so that a 
longitudinal motion of the needle 22 toward the sepmm 16 allows the needle tip 24 
to pierce a portion 28 of the scpnim 16 and the septum material to surround tightly 
outside of the needle wall for seaUng (HG. 3). Part of the length of the needle 22 
5 is inserted through the septum 16 and the needle is held by the septum material 
around the needle 22. Thus, the lonptudinal tubular passage 26 provides an air 
pathway to the outside air. 

By a longimdinal reverse motion of the insetted needle 22 (FIG. 3). 
the needle 22 is removed and the septum 16 re-closes and rcseals the torn portion 
10 28 to seal off the cell pack 20 from the outside air. This mechanism is similar to 
that of a vaccine bottle septum from which an inserted hypodermic needle is 
removed. The needle 22 may be repeatedly re-inserted through the septum 16 and 
removed from the septum 16 again. 

The cell pack 20 may be stored before use or when the cells 10 are 
15 inacdve. Because the cells 10 are not exposed to fresh air and because leakage 
current may be minimized, they tend to have a longer shelf life than any cell 
enclosed by a housing with air vents. When the cell pack 20 is in use or when the 
cells 10 are active, the hollow needle 22 punctures the septum 16 and the 
longitudinal tubular passage 26 provides an air pathway to the outside air as 
20 described before. Thus, the celU 10 supply enough current to power a load. The 
present invention, therefore, enables the cells to have a long shelf life and to supply 
enough power from dme to dme without using any complicated mechanical doors 

or any single-use tapes. 

The longitudinal tubular passage or hollow portion 26 of the needle 

25 22 is sized to satisfy a load power requirement for oxygen while it limits an air flow 
rate from the outside air. Thus, the tubular passage diameter may be constructed to 
allow the air flow. U the needle 22 is too thin, the tubular passage may allow too 
liule air flow. If the needle 22 is too big, it nay not be easy for the sepmm 16 to re- 
dose the tubular passage. If the length is shorter than 1/8", it is difficult for the 

30 needle to puncture the septum 16 and/or the tube may not be able to limit the air 
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10 



15 



20 



25 



30 



now rate to a desired maximum. If the length is longer than 1/2". it is difficult to 
handle the needle 22 and to puncture the septum 16 with the needle 22. 

Any number of the longinidinal tubular passages 26. that is. any 
number of needles can be used to satisfy power requirement though FlG.l shows 
single needle. Two or more needles may be preferable because one or mote inlet 
and oudet tubular passages may be suppUed. By way of example, if the same 
power as mentioned above is required for the ceU pack 20 with two needles, each 
needle may have a tubular passage from 0.05 to 0.25 square inches m cross- 
sectional area and from 0.2 to 0.5 inches in length. 

The case material is mechanically self-supporting and may be 
plastic, meul. ceramics, or another generally gas-impermeable material. Some gas 
permeability through a plastic housing can be tolerated. Materials inert to aad or 
base may be preferable since most electrolytes are acid or base. The septum 16 is 
typically made of rubber, a synthetic elastomer, or known compounds that pve 
«If-rtsealing characteristics to the septum 16. Suitable septum material includes 
that used to protect medicines in vials, such as siUcone. PTFE/silicone. natural 
rubber, butyl rubber. PTFE/natural rubber. FTFE^^tyl rubber, fluorocarbon 
rubber Viton" etc. These materials are usually gas-impermeable, or hardly have 
permeability to water, which makes the cell pack well isolated fmm the outside air 
Z any other reacdve gas source and gives it a long shelf life. Further low 
permeability prevents a high or low concentraUon of water vapor in the outs.de air 
from flooding or drying out the cells 10. 

However, if it is preferable to have a high iniual open cell voltage 
and to prevent consumers from finding that a new cell pack shows a very low 
voltage, a semi-permeable material may be employed, m semi-pemi«*^e mattn^ 
can pass oxygen or a reacdve gas so as to keep art open ceU voltage of the ceU, 10 
high enough for immediate use. The septum material in this case is typically chosen 
fromsiUcone rubber or resin, and other oxygen semi-permeable matenals. 

By way of example, if a typical siUcone rubber that has an oxygen 
permeability coefficient of 19685 (cm Wm^ day atm) is used for the ceU pack 20 
vrith an open area of 6 cm\ and if the required leakage curttnt is about I ma, then 
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the required oxygen flow rate is 5.47 cmVday at 25» Celsius. Thus, the thickness 

of the septum t may be given by 

t = 19685 X 6 XlC X 0.21 / 5.47 = 0.45 (mm). 

^ It should be understood that the above-mentioned limit of the size of 

the tubular passages, the opening, the septum, and the case depends on the power 
requirement and that the power tequiiement will vary depending upon the electnc 
device to be engaged with the cell pack 20. 
10 Another embodiment of the present invention is shown in FIOS. 4 

and 5. As with the first embodiment, the battery pack 30 is suiuble for condnuous 
use while engaged by air-admitting needles. The metal-air battery includes a 
plurality of cells 10 enclosed within a cell case 32. The figures are exaggerated for 
illustration. The case 32 defines a cell pack 34 and isolates the plurality of cells 10 
15 from the outside air with the excepdon of openings 36 that are covered with a self- 
sealable septum 38. The openings 36 on the bottom surface of the ceU pack 34 are 
defined by grids 40 that may divide each ceU 10 and be made of a case matenal. 
The grids 40 may mechanically support the septum 38. In this embodiment, there 
is a small reactant air plenum 42 in the ceU pack 34. The septum 38 is affixed on 
20 the bottom surface of the cell pack 34 and terminates an air pathway to the outs.de 
air at the openings 36. The cell pack 34 therefore does not have any air vents on the 
cathode side of the separator between the air cathode and the electrolyte. 

A plenum case 44 defines an air plenum box 46 and has a plurality 
of hollow needles 48 and openings 50. The air plenum box 46 may be positioned 
25 and serve as an air coUection plenum. The hoUow needles 48 having sharp needle 
tips 52 and longitudinal tubular passages 54 ait positioned on the upper surface of 
the air plenum box 46. Any number of needles at any place of the upper surface 
may be usedio satisfy the powerrequirement It is preferable to have one or more 

needles in each opening 36. 
30 As described in the first embodiment, the cells 10 are isolated from 

the outside air to have leakage current minimized and to have a long shelf life when 
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they are not used, inactive, or in the storage. The plenum box 46 engages with the 
cell pack so that the needle tips 52 pierce portions 56 of the septum 38 and that the 
needles 48 penetrate the septum 38 to provide air pathways to an air plenum 58 
when the cell pack 34 is in use or the cells 10 are active. The total cross-sectional 

5 area of the tubular passages 54 are generally larger than that of the openings 50 so 
that the total air flow through the tubular passages 54 is larger than that through the 
openings 50. Therefore, right after the engagement, the current available from the 
cells 10 increases rapidly consuming a reacuve gas. e.g. oxygen, in the plenum 58 
and gradually decreases upon using up the stored oxygen. Fmally the available 

10 current becomes constant and is determined by the air flow rate through the 
openings 50. Thus, the current characteristics satisfactory for an initial high power 
requirement of a connected electric device may be controlled by the total cross- 
sectional areas of the tubular passages 54 and the openings 50, and volume of the 
plenum 58. 

15 If the steady current needs to be very low. the openings 50 are 

preferably sized such that their length, i.e.. the direction through the thickness of 
the case 44 is greater than their width, i.e.. the direction perpendicular to the 
thickness of the case 44 such that diffusion of air through the openings 50 may be 
substantially limited. By "substantially limited," it is meant that the rate of diffusion 
20 of oxygen or contaminates through the openings 50 is so slow tiiat humidity 
transfer is sufficienUy snull and has Utde appreciable impact on the efficiency or 
lifetime of the cell 10 after the output current becomes almost constant. 

As described in the first embodiment, the plenum box 46 may be 
disengaged from the cell pack 34 such tiiat the needles 48. may be removed from the 

25 septum 38. which wiU reseal itself. Thus, the used ceU pack may keep its residual 
power during a period of storage. Further, the septum 38 may be made of a semi- 
permeable material such thai the initial open ceU voltage wUl remain high enough 
after a long storage as mentioned above. The sizes, the number, and the materials 
of the case 32, the openings 36. the septum 38. the plenum box 46. the needles 48. 

30 their tiibular passages 54. and the openings 50 may be preferably varied as 
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described in connection with the first embodiment. In particular, the needles 48 
may preferably be shorter for handling without losing their functions. 

In the first two embodiments, to protect the cells from flooding or 
drying out during times when no load is connected to the battery, the battery pack 
5 must be disengaged to reseal the septum. Another embodiment is shown in HG. 6 . 
which has the same cell pack 20 as shown in HG.l. This embodiment provides a 
banery pack that can remain engaged with needles through a septum without being 
subject to flooding or drying out. The feaoires of the ceU pack 20 are the same as 
described in connection with the first embodiment. However, it shows an air 
10 manager 60 with an air manager case 62. two needles 70. 72. a fan 80 as an air- 
moving device, and two diffusion limiting tubes or isolition tubes 82. 84 connected 
to the outside air through a wall of the case 62. 

The air manager is positioned such that the needles -70. 72 can 
penetrate the septum 16. The needles 70. 72 are hollow and their needle tips 86. 88 
15 are sharp to pierce portions 90, 92 of the septum 16 as described in the first 
embodiment. The needles 70. 72 are positioned on the upper surface of the air 
manager case 62 such that the air manager may engage with the septum 16 under 
the cell pack 20. The air manager case 62 is essentially impermeable such that two 
tubular passages 94. 96 of the needles 70, 72 and the openings 82. 84 are the only 
20 pathways to the outside of the case 62. The fan 80 is positioned in the case so as to 
divide space inside of the case 62 into two chambers 98. 100 and make an air flow 
and/or pressure difference in the case such that an outlet air flow from the cells 
through the tubular passage 94 and an inlet air flow to the cells through the tubular 
passage 96 may occur. Pressurization of the chamber 100 causes air to flow 
25 through the tubular passage 96 and also out of the chamber 100 to the outside, 
through the tube 84. At the same time the low pressure created in the chamber 98 
causes air to be drawn from the cells through the tubular passage 94, and make-up 
air is drawn into the chamber 98 from outside through the tube 82. The make-up 
air is then le-circulated between the air manager and the cells. 
30 The sizes of the tubular passages 94, 96 are generally larger than 

those of the openings 82. 84 such that an air flow resistance of the tubular passages 
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94, 96 may be smaller than that of the openings 82, 84. Thus, more air generaUy 
moves through the tubular passages 94. 96 in the re-circulation process. 

When the cell pack 20 is not engaged with the air manager, the cell 
case 12 and the septum 16 isolate the ceUs 10 such that the ceUs 10 have a long 
shelf life. When the cells 10 are in use or are active, the air manager 60 engages 
with the cell pack 20 with the needles 70. 72 penetrating the septum 16 to about 
halfway along their length. Thus, the wbular passages 94, 96 provide air pathways 
from the air cathodes (not shown) of the cells 10 to the chambers 98, 100 of the air 
manager 60. If the chambers 98, 100 are large and filled with a reactive gas and if 
the tubular passages 94. 96 arc wide, the initial available current characterisdcs are 
similar to those described in connection with the second embodiment. Since the 
openings 82. 84 are diffusion limiting mbcs. the cells 10 may have a long shelf Ufe 
when the fan 80 is off. even when the septum remains pierced by the needles 70. 
72. The tubular passages 94. 96 could alternatively be the diffusion Umidng tubes 

in a way of isolating the cells 10. 

TTie diffusion Umiting tube may be referred to as an isolating 
passageway or a diffusion Umiting passageway due to its isolating capability. In 
accordance with an example in US Patent 5.691.074. the diffusion limiting 
passageways function to Umil the amount of oxygen that can reach air cathodes to 
minimize the self discharge and leakage or drain current of a metal-air cell. 

The diffusion Umiting passageways 82. 84 (or alternatively 94. 96) 
also minimize the detrimental impact of humidity on the metal-air cell, when the fan 
80 is not forcing air flow through the diffusion limiting passageways 82. 84 (or 
alternatively 94. 96). A metal-air ceU that is exposed to ambient air having a high 
5 humidity level may absorb too much water through its air electrode and faU due to a 
condition referred to as "flooding". Alternatively, a metal-air cell that is exposed to 
ambient air having a low humidity level may release too much water vapor form .ts 
electrolyte through the air electrode and fail due to a condition referred to as "diying 
out". • 

0 The efficiency of the isolating or diffusion Umiting passageway in 

terms of the transfer of air and water into and out of a metal-air ceU can be described 
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in terms of an "isolation ratio". The "isolation ratio" is the ratio of the rate of water 
loss or gain by a ceU while its oxygen electrodes are fully exposed to the ambient 
air, as compared to the rate of the water loss or gain of the cell while its oxygen 
electrodes arc isolated from the ambient air, except through one or more limited 
5 openings, that is, diffusion limiting passageways. For example, given identical 
metal-air cells having electrolyte solutions of approximately thiity-five percent 
(35%) KOH in water, an internal relative humidity of approximately fifty percent 
(50%), the ambient air having a relative humidity of approximately ten percent 
(10%). and no fan-forced circulation, the water loss from a cell having an oxygen 
10 electrode fully exposed to the ambient air should be more than 100 times greater 
than the water loss from a cell having an oxygen electrode that is isolated from the 
ambient air, except through one or more diffusion Umiting passageways. In this 
example, an isolation ratio of more than 100 to I should be obtained. 

More specifically, each of the diffusion limiting passageways 82. 84 
15 (or alternatively 94. 96) preferably has a width that is generally perpendicular to the 
direction of fiow therethrough, and a length that is generally parallel to the direction 
of now therethrough. The length and the width are selected to substantially 
eliminate air now and diffusion through the diffusion Umiting passageways 82. 84 
(or alternatively 94. 96) while the air moving device is not forcing air flow through 
20 the diffusion limiting passageways 82. 84 (or alternatively 94. 96). The length is 
greater than the width, and more preferably the length is greater than about twice the 
width. The use of larger ratios between length and widUi are preferred. Depending 
upon the nature of the metal-air cells, the ratio can be more than 200 to I. 
However, the preferred ratio of length to width is about 10 to 1. 
25 The isolating or diffusion limiting passageways 82, 84 (or 

alternatively 94. 96) could form a portion of the air path must take between the 
ambient and the oxygen electrodes. Each of the diffusion limiting passageways 82. 
84 (or alternatively 94, 96) may be defined through the thickness of the case 62. but 
preferably they are in the form of tubes as described above. 
30 In general, the diffusion limiting passageways may be cylindrical, 

and for some appUcations each can have a length of about 0.3 to 2.5 inches or 
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longer, with about 0.88 to 1.0 inches preferred, and an inside diameter of about 
0.03 to 0.3 inches, with about 0.09 to 0.19 inches preferred. The total open area of 
each diffusion limiting passageway for such applications, measured perpendicular 
to the direction of flow therethrough, is therefore about 0.0007 to 0.5 square 
5 inches. In other applications, the diffusion liiniting passageways each can have a 
length of about 0. 1 to 0.3 inches or longer, with about 0. 1 to 0.2 inches preferred, 
and an inside diameter of about O.Ol to 0.05 inches, with about 0.15 inches 
preferred. The preferred dimensions for a particular application will be related to 
the geometry of the passageways and the cathode plenums, the particular air mover 
10 utilized, and the volume or air needed to operate the cells as a desired level. 

By way of example, in a preferred embodiment of a cell pack 20 
designed to power a portable computer (not shown), a 6-volt battery with 6 cells 10 
is used. Each cell 10 has an output of about 1 volt or slightly higher at about 1 to 4 
amps. Each cell 10 has an exposed cathode area (not shown) of about 18 to 22 
15 square inches for a total exposed cathode area of about 108 to 132 square inches. 
The battery therefore has a current density of about 50 to 200 ma per square inch of 
cathode surface. In order to satisfy this power requirement, an air flow from 33 to 
200 cubic inch/min is needed. 

The diffusion limiting passageways are not necessarily cylindrical, 
20 as any cross-sectional shape thai provides the desired isolation is suitable. The 
isolating passageways need not be uniform along their length, so long as at least a 
portion of each diffusion limiting passageway is operative to provided the desired 
isolation. Further, the diffusion Umiung passageways may be straight or curved 
along their length. In fact, a diffusion Uiniting passageway may be formed by a gap 
25 between spaced apart two-dimensional surfaces, so long as the air molecules must 
follow a sufficiently restricted path to move from the ambient air to the air cathode. 
Other exemplary diffusioii limiting passageways and systems are disclosed in U.S. 
Patent No. 5.691.074 and U.S. AppUcation No. 08/556.613. and the entire 
disclosure of each of those documents is incorporated herein by reference. 
30 Refening again to HO. 6, when the fan 80 is turned on. a relatively 

large amount of air flow comes from the outside of the air manager case 62 through 
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the opening 82, mixes with air flow coming through the tubular passage 94, and 
goes into the plenum 18 through the tubular passage 96 and out of the case 62 
through the opening 84. Thus, the cell pack can supply a connected electric device, 
with required power. The fan's rotational speed may be adjusted to supply the 
5 required power. The fan is operated with power from the cells 10. and is connected 
by leads and terminals not shown in FIG. 6. 

Since the openings 82, 84 are diffusion Umiting passageways, air 
flow through the passageways 82. 84 may be mote quantitative. The passageways 
82. 84 are. thereby, preferably constructed and arranged to allow a sufficient 
10 amount of air flow therethrough while the air moving device or the fan 80 is 
operating so that a sufficient output current, typicaUy at least 50 ma. and preferably 
at least 130 ma can be obtained from the metal-air cells 10. In addition, the 
diffusion limiting passageways 82. 84 are preferably constructed to Umit the air 
flow and diffusion therethrough such that the drain current that the metal-air cells 
15 are capable of providing to a load while the fan 80 is not forcing air flow through 
the passageways 82. 84 is smaller than the output current by a factor of about 50 or 
greater. Thus, when the fan 80 is off and the humidity level within the cell is 
relatively constant, only a very Umited amount of air diffuses through the 
passageways. The water vapor within the cell protects the air cathodes (not shown) 
20 from exposure to oxygen. The air cathodes are sufficiently isolated from the 
ambient air by the water vapor such that the cells 10 have a long shelf life without 
sealing the passageways 82. 84 with mechanical air doors or the like. In addition, 
the diffusion limiting passageways 82, 84 are preferably constricted to provide the 
isolation ratio of more than 50 to 1. 
25 When the air nanager 60 is disengaged from the cell pack 20. the 

cells 10 are essentially isolated from the outside air, and the drain current can be as 
low as the storage modes before first use of the ceU pack 20. With the help of the 
semi-pcmieable septum 16. an initial open ceU voltage may be maintained. When 
the air managsr 60 engages the ceU pack 20. the openings 82, 84 may be the only 
30 air pathways to the outside air and the drain current mode with the fan off is 
reduced as described above. When the fan is turned on, the current to a load can be 
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varied between several modes adjusted by the fan speed control to satisfy the power 
requirement. 

Since the air manager 60 may be reusable with other cell packs even 
after the cell pack 20 discharges its energy, it is possible to minimize disposable 
5 parts. The sizes, the number, and the materials of the case 12, the openings 14. the 
septum 16. the plenum 18. the air manager case 62, the needles 70,72. their nibular 
passages 94,96, the chambers 98. 100, the fan 80, and the openings 82, 84 may be 
preferably changed as described in connection with similar pans used in the earlier 
embodiments. 

10 In particular, if the needles 70.72 are large such thai their tubular 

passages 94.96 may be larger than the diffusion limiting tubes, the fan 80. may 
inhale more air flow from the outside. Thus, the air cathode is exposed to air 
including higher concentration of oxygen so that the battery may supply more 
energy when the fan 80 is on. On the other hand, when the fan 80 is off and the air 
15 manager 60 engages with the cell pack 20. that is, when the battery is temporarily 
inactive, the cells are less isolated from the ambient air that may have a high or low 
humidity level so that the cells 10 are more likely to fail due to a condition referred 
to as "flooding" or "drying out" as described before. This may be prevented, if the 
air manager 60 is disengaged from the cell pack 20 such that the air passageways 
20 are re-closed by the septum 16. 

Another embodiment of a cell pack 1 10 according to the present 
invention is shown in FIG. 7. A cell pack case 1 12 encloses cells 10. a reactive air 
plenum (not shown), and an air manager portion including two chambers 1 14, 116 
separated by a fan 118. An opening 120 connects the chambers 114. 116 to the 
25 plenum. An opening 122 extends across both chambers 114, 116 and is covered 
with a septum 124 and sealed off from the outside air. The air manager is an air- 
moving device having the fan 118 to make air flow and/or pressure difference 
between two chambers 114 and 116. Two needles 126. 128 secured to a needle 
board 130 are positioned so as to puncture portions 132, 134 of the septum 124. 
30 The needles 126, 128 have sharp needle tips 136, 138 and tubular passages 140, 
142 as described in die other embodiments. 
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When the cells 10 are not in use or inactive, the needles 126, 128 are 
apart from the septum 124 and ceU isolation is maximized as described above. If 
the septum 124 is made of a semi-pcrmeablc material, a satisfactory initial open ceU 
voltage may be maintained during storage. When the cells 10 are in use or active, 
the needles 126. 128 penetrate the septum 124 at portions 132. 134 to provide air 
pathways from air cathodes (not shown) of the ceUs to the outside air. When the 
fan is turned on. the air is circulated with make-up fresh air through the nibular 
passages 140. 142 and the load current is adjusted by varying the fan speed to 
satisfy a high power requirement of a connected electric device. 

If the cell pack must be well isolated when the fan is off. the wbular 
passages may be sized to be diffusion limiting isolation tubes as described above. 
When the needles 126. 128 are apart frbm the sepnun 124. the cells 10 are 
essentially isolated from the outside air and the drain cunent may be minimized to 
as low a mode as the storage modes existing before first use of the ceU pack 1 10. 
15 With the help of the semi-permeable septum 124. an initial open cell volage may be 
maintained. When the needles 126. 128 penetrate the septiim 124 at portions 132. 
134. ti»e tubular passages 140* 142 may be the only air pathways to the outside air 
and the drain current mode with the fan off is reduced as described above. When 
the fan is turned on. the current to a load can be varied between several modes 
20 adjusted by the fan speed control to satisfy the power requirement. 

In this embodiment, a small part such as the needle board 130 can 
start the cell pack so as to be a switch without any electrical contacts, and provide 
power to a battery-preinstalled electric device. The sizes, the number, and the 
materials of the case 112. the openings 120. 122. die septum 124. the plenum (not 
25 sho»^). the chambers 114. 116. the fan 118. the openings 120. 122. the needles 
126. 128. their tubular passages 140. 142. and the board 130 may preferably be 
changed for the purposes described above. 

Another embodiment is shown in FIG. 8. which includes a cell pack 
130. and an air-managing head 152. mounted in an electric device 154. The ceU 
30 pack 150 includes a case 156. ceUs 10. a reactive air plenum below die cclU (not 
shown), and an extra plenum 158. adjacent to an opening 160 covered by a septum 
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162. A pair of terminals 164. 166 connected to positive and negative leads (not 
shown) from the cells 10 arc positioned on the exterior of the case 156 facing the 
air-managing head 152. The case 156 isolates the cells from the outside air with the 
help of the septum 162 as described in the other embodiments. The extra plenum 
158 may diffuse and mix fresh and residual air inside of the case 156 and supply 
each air cathode evenly with reactive gas, i.e., oxygen. In the altemadve, the extra 
plenum may be omitted, in which case the needles are directed into the reacdve air 
plenum. If the septum 162 is made of a semi-permeable material, an initial open 
cell voltage may be maintained during storage. 

The air-managing head 152 includes a case 170, which defines an 
outwardly facing rectangular recess 172 for receiving the cell pack 150. Two 
engaging arms 174 with knobs 176 define the recess to receive and engage with a 
portion of the cell pack 150. Two recesses 178 on opposite exterior wails of the 
cell pack case 156 receive the knobs 176 with force caused by elastic bending of the 
arms 174 in a similar way as a ratchet mechanism. Two terminals 180. 182 arc 
positioned on a back wall of the recess 172 to engage the terminals 164, 166, 
respectively. Two electrical terminals 184. 186 or hard wiring arc provided on the 
other side of the head 152 to supply the electric device 154 with electrical power 
from the cell pack 150. 

Two chambers 188, 190 are formed in the air-managing head 152 
separated by an air mover such as a fan 192. A needle 194 extends out from the 
chamber 188 and a needle 196 extends out from the chamber 190. The chambers 
188, 190 arc connected to outside air through tubes 198, 200, respectively. The 
tubes 198, 200 (shown diagrammatically) preferably arc diffusion limiting isolation 
tubes of the type described above, and the needles 194, 196 have larger openings 
202, 204 designed for free air flow rather than isolation purposes. 

Thus, the cell pack 150 is removably held by the air-managing head 
152 coinciding with the needles 194, 196 penetrating the septum 162. The needles 
194, 196 have sharp needle tips 206, 208 to pierce portions 210, 212 of the septum 
162 and the tubular passages 202. 204 to provide mr pathways between air 
cathodes (not shown) of the cells 10 and the two chamben 188. 190. 
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The fan 192 makes an air flow and/or pressure difference between 
two chambers 188 and 190. the fan 192 being disposed in-between. The openings 
198, 200 communicate with the outside air or a reactive gas source such that the 
reactive gas. e.g.. oxygen can come through one of the openings 198, 200 and one 
5 of the tubular passages or openings 202, 204 to reach the air cathodes of the cells 
10, in a manner described above. 

In this embodiment, the air-managing head 152 is installed in the 
electric device 154 such that the consumen need only buy the cell pack 150. The 
cell pack can be stored in completely sealed conditions with an impemicable septum 
10 162 or an impermeable tape (not shown) can be affixed on a semi-permeable 
septum 162. In the latter case, retail stores may stock the cell pack 150 after 
removing the tape or consumers may remove the tape sometime before use. so that 
the cell pack has a satisfactory inidal open cell voltage. The sizes, the number, and 
the materials of the case 156, the opening 160. the septum 162. the plenum (not 
15 shown), the extra plenum 158, the chambers 188. 190. the fan 192. the openings 
198. 200, the needles 194, 196, their tubular passages 202, 204. and other parts 
may preferably be changed as described above. 

Another embodiment is shown in HGS. 9. 10, and 11. A 
cylindrical metal-air battery or power supply has an air-manapng head 220 and a 
20 ceU pack 222 Uke the embodiment shown in HG, 6. The air-managing head 220 
has a cylindrical coupUng 224, an outer case 226. two openings 228, 230. and a 
positive terminal 232. The cell pack has a negative terminal 234. an outer case 236. 
and a coupUng portion 238 with two positive terminals 240, two negative temiinals 
242. and an elongate self-sealable septum 244. 
25 The air-managing head 220 further includes two positive terminals 

246 disposed inside of the circular cylinder 224 opposite to each other, two 
negative teiminais (not shown) disposed inside of the circular cylinder 224 in 
orthogonal posidons to the positive terminaU 246, two hollow needles 248. 250 
parallel to the axial direction of the battery, two chambers 252. 254 divided by a fan 
30 256, and a fan controller 258. 
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The two chambers 252, 254 are defined with a circular plate 260 and 
other walls, and formed in the air-managing head 220 separated by an air mover 
such as the fan 256. The needle 248 extends out from the chamber 252 and the • 
needle 250 extends out from the chamber 254. The chambers 252. 254 are 
connected to outside air through openings 228. 230. respectively. The openings 
228. 230 (shown diagrammaiically) preferably are diffusion limiting isolation tubes 
of the type described above, and Ae needles 248. 250 have larger openings 262, 
264 designed for free air flow rather than isolation purposes. 

The cell pack 222 further includes two cells having anode gels 266. 
anode containers 268. air cathodes 270. insulating end plates 272, 274, 276. 
current collectors and leads 278, 280. and an air plenum 282. The end plate 276 has 
a sUt opening covered with the elongate septum 244. The two negative terminals 
242 are connected to the anode containers 268 with leads 280. The two positive 
terminaU 240 are connected to current collectors (not shown) of the air cathodes 
270 with leads (not shown). These four terminals are positioned on the exterior 
circular periphery' of the coupling portion 238 so as to connect to corresponding 
terminals inside of the cylmdrical coupling 224 of the air-managing head 220 in 
order to supply the fan 256 with electric power. The positive terminal 232 of the 
power supply is also connected to the terminals 246 with leads (not shown). The 
fan controller 258 also is connected to control the supply of electric current from the 
cell pack 222 to the fan 256. If the elongate septum 244 is made of a semi- 
permeable material, a satisfactory initial open cell voltage may be maintained during 
storage. 

The cell pack 222 may be removably held by tiie air-managing head 
220 coinciding with the needles 248. 250 penetrating the elongate septum 244. To 
selectively lock the ceU pack 222 to the head 220. a connector (not shown) may be 
provided, such as the knobs and recesses of the previous embodiment. The needles 
248. 250 have sharp needle tips 284. 286 to pierce portions 288. 290 of the septum 
244, and the tubular passages 262. 264 provide air pathways from air cathodes 270 
) of the cells to the two chambers 252, 254. 
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The fan 256 makes an air flow and/or pressure difference between 
two chambers 252 and 254. The openings 228, 230 communicate with the outside 
air such that oxygen can come through one of the openings 228. 230 and one of the 
tubular passages 262. 264 to reach the air cathodes 270 of the cells, in a manner 
5 described above. 

In this embodiment, the air-managing head 220 is separable' for re- 
use such that the consumers need only buy the ceU pack 222. The cell pack can be 
stored in completely sealed conditions with an impermeable septum 244 or an 
impermeable tape (not shown) can be affixed on a scmi-pcnneable septum 244. In 
10 the latter case, retail stores may stock the ceU pack 222 after removing the t^ or 
consumers may remove the tape sometime before use. so that the cell pack, has a 
satisfactory initial open cell voltage. The sizes, the number, and the materials of the 
case 236. the septum 244. the plenum 282, the chambers 252, 254. the fan 256, the 
openings 228. 230, the needles 248, 250, their tubular passages .262, 264, and 
15 other parts may preferably be changed as described above. In particular, the 
cylindrical coupling 224 may be formed in the same size as the outer case 226 such 
that the whole battery is formed in a regular battery size such as "AA". 

The above description is thai of preferred embodiments of the 
20 invention. Various alterations and changes can be made without departing from the 
spirit and broader aspects of the invention as set forth in the appended claims, 
which are to be interpreted in accordance with the principles of patent law. 
including the Doctrine of Equivalents. 
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Claims 

What is claimed Is: 

5 1 . A metal-air power supply system comprising: 

an enclosure surrounding one or more metal-air cells each 
including an air electrode; 

a structure providing a first air pathway segment within* the 
enclosure from the air electrode to a puncturable, rcscalable septum comprising at 
10 least a portion of the enclosure surrounding said cell; 

a hollow needle forming a portion of a second air pathway 
segment connected to a source of reactive gas and positioned such that said needle 
is capable of puncturing the septum. 

15 2. The metal-air power supply system of claim I further 

comprising at least one diffusion limiting passageway in said second air pathway 
segment 

3. The mctal-air power supply system of claim 2 wherein said 
20 diffusion limiting passageway is defined by said needle. 

4. The metal-air power supply system of claim 2 further 
comprising at least one air-mpving device in said air padiway. 



25 



5. The metal-air power supply system of claim 4 wherein said 
air-moving device is disposed between said needle and said diffusion limiting 
passageway. 



wo 00/36699 



23 



PCT/US99/30382 



6. The meial-air power supply system of claim I further 

comprising: 

at least one inlet diffusion limiting passageway and at least 
one outlet diffusion limiting passageway in said second air pathway segment; and 
at least one air-moving device in said air pathway. 

7. The raeial-air power supply system of claim 6 wherein said 
air-moving device is disposed between said needle and said diffusion limiting 
passageway. 

8. The metal-air power supply system of claim 1 further 

comprising: 

at least one diffusion limiting passageway in said second air 
pathway segment communicating with said hollow needle and a reactive gas source; 
} and 

at least one air-moving device in said first air pathway 
segment between said air electrode and said septunu 

9. The metal-air power supply system of claim 8, wherein said 
3 septum comprises a membrane semi-permeable to said reactive gas, 

10. The metal-air power supply system of claim !• wherein said 
septum comprises a membrane semi-permeable to said reactive gas. 

S 11. The metal-air power supply system of claim 1 further 

comprising at least one air-moving device between said air electrode and said 
septum. 
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12. A mctal-air cell pack comprising: 

a housing containing one or more metal air cellss and 
defining a reactive air plenum associated with air electrodes of said cells; and 

a pierccable, resealable septum forming a portion of an 
exterior wall of said housing, said septum being connected with said plenum by an 
air pathway. 

13. A ventilation system for mctal-air cells, comprising: 
an air moving device within an enclosure; 

one or more ventilation openings in said enclosure allowing 

entry of outside air, and 

one or moT% hollow needles extending outwardly from said 

enclosure. 
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